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EFFECTS OF THERMAL CONDITIONING AND OF DEGREE OF 
SATURATION OF DIETARY LIPIDS ON RESISTANCE OF AN 
INSECT TO A HIGH TEMPERATURE! 


H. L. House,? D. F. RriorpDAn,? AND J. S. BARLOW? 


Abstract 


The resistance of larvae of Pseudosarcophaga affinis (Fall.) to a high temper- 
ature was increased by thermal conditioning and by dietary lipids. The time 
of exposure to 45° C required to cause 50% mortality of larvae reared at 23° C 
on pork liver was 130 minutes (5% confidence limits 127 and 132 minutes). Pre- 
conditioning for 2 hours at 39° C increased this time to 200 minutes (183 and 218 
minutes). The time of exposure to 45°C required to cause 50% mortality of 
larvae reared on chemically defined diets was 177 minutes (159 and 196 minutes) 
for those on a fat mixture that contained unsaturated fatty acids, 184 minutes 
(164 and 206 minutes) for those reared on an intermediate mixture, and 218 min- 
utes (198 and 240 minutes) for those reared on a diet that contained a high pro- 
portion of saturated fatty acids. The degree of saturation of body lipids was 
directly influenced by the degree of saturation of the dietary lipids. 


Introduction 


The temperature of the environment appears to influence the melting points 
of the lipids contained in an organism: higher temperatures generally result 
in more saturated fats with higher melting points (Heilbrunn (4, p. 426)). 
This was demonstrated by Fraenkel and Hopf (3) for phospholipids extracted 
from two species of blowflies, and by Munson (8) for total body lipids in the 
American cockroach, Periplaneta americana (L.). 

Although animals modify the characteristics of absorbed fats, dietary fats 
strongly influence the degree of saturation of their body fats (Maynard (7, 
p. 74)). That the nature of the body fats of insects can be affected by dietary 
fats was shown by Yuill and Craig (11). They found a higher degree of satura- 
tion for body fats in larvae of the blowfly Phaenicia sericata (Meig.) fed sat- 
urated fats than in larvae fed unsaturated fats. 

This is a report on effects of exposure to a sublethal high temperature and of 
degree of saturation of dietary fats on resistance of larvae of Pseudosarcophaga 
affinis (Fall.) (Diptera: Sarcophagidae) to a high temperature. 


1Manuscript received May 13, 1958. 
Contribution No. 3794, ney Division, and No. 398, Chemistry Division, Science 
t 


Service, Department of Agriculture, Ottawa, Canada. 
2Entomology Laboratory, Belleville, Ontario. 
Can. J. Zool. 36 (1958) 
[The previous number of Can. J. Zoology (36, 453-528) was issued August 11, 1958.] 
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Materials and Methods 


All the insects used were reared at a constant temperature of 23°C and a 
relative humidity of 60%. Unless otherwise specified, each replicate of each 
treatment consisted of 50 larvae in plastic mesh cylinders in each of five 
6-in. vials. Water baths and associated apparatus used in the tests were those 
described by Baldwin (1). The vials were aerated at 50 cc per minute. 

To show whether temperature tolerance could be changed by thermal con- 
ditioning, larvae were reared to the third instar on pork liver, starved for 2 
days to eliminate variations due to unassimilated food, and placed in vials. 
Five vials were held in a water bath at 39° C for 2 hours and six were kept at 
the rearing temperature of 23°C to serve as controls. Both sets of vials 
were placed in a water bath at 45°C. They were removed from this bath 
at the intervals shown in Fig. 1, and held at 23° C for 48 hours before mortality 
of larvae was determined. There were three replicates of the conditioning 
treatment and four for the control. 

To determine whether the temperature tolerance could be altered by dietary 
factors, larvae were reared aseptically as described by House and Barlow (5) 
on three chemically defined media, each containing 0.4% fatty acid mixture. 
One contained a mixture with a high proportion of saturated fatty acids, 
another an unsaturated fatty acid mixture, and the third, which served as a 
control, an intermediate mixture (Table I). Oleic acid was included in all 
mixtures as this substance is necessary to ensure comparable growth rates. 
Larvae were reared to the third instar on each medium and then starved for 
2 days at 23°C. 

Larvae grown on each food were divided among six vials and subjected to 
45°C for varying periods of time as in the tests on thermal conditioning. 
After treatment the larvae were held at 23° C for 48 hours and then examined 
for mortality. 

The experiments were repeated five times with 20-50 larvae to a vial, de- 
pending on supply. Consequently mortality at each dosage point was deter- 
mined from 220, 200, and 150 larvae for the saturated, unsaturated, and control 
media, respectively. The results were analyzed by the technique developed 
by Litchfield and Wilcoxon (6) and the 5% confidence limits calculated. 

Lipids were extracted from larvae reared on the three fatty acid diets. 
The larvae were dried to constant weight at 60°C under reduced pressure. 


TABLE I 
COMPOSITIONS OF THREE FATTY ACID MIXTURES, G PER 100 ML OF FOOD MEDIUM 


Fatty acid Saturated Intermediate Unsaturated 
Palmitic 0.068 0.088 

Stearic 0.14 0.04 

Oleic 0.192 0.192 0.192 
Linoleic .06 0.156 


0 . 
Linolenic 0.02 0.052 
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The fats were extracted in a Soxhlet apparatus with petroleum ether (b.p. 
60—80° C) for 24 hours and the Hanus iodine numbers determined. 

Attempts were made to determine whether larvae and adults raised on the 
different fat diets preferred different environmental temperatures. A thermo- 
gradient similar to that described by Wilkes (10) was used. Starved insects 
were released at the mid-point of the gradient. After several hours the posi- 
tions of the insects were observed. 


Results and Discussion 


Figure 1 shows that the time of exposure to 45°C required to cause 50% 
mortality was 130 minutes (5% confidence limits 127 and 132 minutes) for 
larvae maintained at 23° C and 200 minutes (183 and 218 minutes) for larvae 
after 2 hours’ exposure to 39°C. The difference is significant statistically at 
the 5% level. Thus, like other insects (1, 2), these larvae can be conditioned 
to withstand high temperatures. 

Figure 2 shows that the time at 45° C required to cause 50% mortality was 
177 minutes (5% confidence limits 159 and 196 minutes) for larvae fed on 
unsaturated fats, 184 minutes (164 and 206 minutes) for those fed on the 
intermediate mixture, and 218 minutes (198 and 240 minutes) for those fed 
on saturated fats. The differences between the results for unsaturated and 
saturated fats and between those for the saturated and the intermediate 
mixture are significant at the 5% level, but that between the results for the 
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Fic. 1. Time-percentage mortality curves for exposure to 45°C for liver-reared 
P. affinis larvae maintained at 23° C (O) and conditioned at 39° C for 2 hours (@). 


Fic. 2. Time-percentage mortality curves for exposure to 45° C for P. affinis larvae 
reared on media containing unsaturated and saturated fatty acids, and an intermediate 
mixture. 
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unsaturated and the intermediate mixture is not. Moreover, the iodine num- 
bers of the total lipids were 73.9 from larvae on unsaturated fats, 75.5 from 
those on the intermediate mixture, and 64.3 from those on the saturated fats. 
Thus thermal resistance seems to be related to the saturation increment of 
the body lipids resulting from the larval foods. Where a significant difference 
in the mortality rate occurred, there was much difference between the iodine 
numbers of body lipids, but where the mortality rate did not differ there was 
little difference between iodine numbers. 

Insects can synthesize fats from carbohydrates and proteins and vary the 
compositions of their body fats during metamorphosis (Scoggin and Tauber 
(9)). Our work shows that thermal resistance in insects can be altered by 
diet, in this case by dietary fats probably affecting the body fats. Conse- 
quently, it appears likely that differences in body fats may partly explain why 
insects differ in thermal resistance, particularly between developmental stages. 

This work failed to provide evidence of temperature preferences for larvae 
and adults raised on different fat diets because the tests were inconclusive. 


References 


1. Batpwin, W.F. Acclimation and lethal high temperatures for a parasitic insect. Can. 
J. Zool. 32, 157-171 (1954). 

2. BaLpwin, W. F. and House, H. L. Studies on effects of thermal conditioning in two 
species of sawfly larvae. Can. J. Zool. 32, 9-15 (1954). 

3. FRAENKEL, G. and Horr, H. S. The physiological action of abnormally high temper- 
atures on poikilothermic animals. I. Temperature adoption and the degree of 
saturation of the phosphatides. Biochem. J. 34, 1085-1092 (1940). 

4, Herm_sprunn, L. V. An outline of general physiology. 2nd ed. W. B. Saunders Co., 
Philadelphia and London. 1947. 

5. House, H. L. and Bartow, J. S. Nutritional studies with Pseudosarcophaga affinis 
(Fall. ), a dipterous parasite of the spruce budworm, Choristoneura fumiferana (Clem.). 
V. Effects of various concentrations of the amino acid mixture, dextrose, potassium 
ion, the salt mixture, and lard on growth and development; and a substitute for 
lard. Can. J. Zool. 34, 182-189 (1956). 

6. LitcHFIELD, J. T. and Witcoxon, F. A simplified method of evaluating dose-effect 
experiments. J. Pharmacol. Exptl. Therap. 95, 99-113 (1949). 

7. MAYNARD, L. A. Animal nutrition. 1st ed. McGraw-Hill Book Co., Inc., New York 
and London. 1937. 

8. Munson, S. C. Some effects of storage at different temperatures on the lipids of the 
American roach and on the resistance of this insect to heat. J. Econ. Entomol. 46, 
657-666 (1953). 

9. Scoccin, J. K. and TauBer, O. E. Survey of literature on insect lipids. Iowa State 
Coll. J. Sci. 25, 99-124 (1950). 

10. Wirxes, A. The influence of selection on the preferendum of a chalcid (Microplectron 
fuscipennis Zett.) and its significance in the biological control of an insect pest. Proc. 
Roy. Soc. London, B, 130, 400-415 (1942). 

11. Yur, J. S. and Craic, R. The nutrition of flesh fly larvae, Lucilia sericata (Meig.). 
Il. The development of fat. J. Exptl. Zool. 75, 169- 178 (1937). 





: 
| 
. 
| 
. 





a 


633 


SENSORY STIMULI INVOLVED IN THE LOCATION AND 
SELECTION OF SAWFLY COCOONS 
BY SMALL MAMMALS! 


C. S. HoLitinc? 


Abstract 


The stimuli responsible for the location and selection of healthy vs. parasitized 
and diseased sawfly prepupae by Peromyscus maniculatus bairdii Hoy and 
Kenicott, Sorex cinereus cinereus Kerr, and Blarina brevicauda ta sae Gapper 
were determined in all phases of the search for buried food. nly olfactory 
stimuli were involved in the digging, removing, and opening phases, while 
gustatory stimuli played a part in selection in the eating phase. There were 
innate preferences and aversions to the gustatory stimuli, but not to the olfactory 
stimuli. It was only with experience that the animals were able to associate 
odors from cocoons with the taste of the cocoon contents. 

The selection of healthy male vs. female cocooned prepupae was also studied. 
In the digging phase all species dug more holes over the larger female cocoons 
than over the smaller male cocoons. This selection was not affected by exper- 
ience and was caused by differences in degree -, not kind of odor. In the 
removing and opening phases S. c. cinereus and P. m. bairdii removed and 
opened more male than female cocoons, while B. b. talpoides removed and opened 
more female cocoons. This selection was affected by experience and probably 
resulted from differences in visual or tactile stimuli. The larger the mammal the 
greater was the selection for female cocoons. 


Introduction 


Small mammals may be important predators of those insects that spend 
part of their life in the ground. From 40 to 80% of the cocoons of many 
species of sawflies, for example, are commonly opened by small mammals 
(1,4, 7,11). Although similar degrees of predation of Diprion similis (Htg.) 
cocoons were observed in Poland, Hardy (6) felt that small mammal predation 
was not an efficient control factor since the predators were presumed to 
attack parasitized and diseased cocoons as readily as healthy ones. It was 
soon realized, however, that this assumption was at least partly incorrect, 
for Morris (12) demonstrated that certain small mammals avoided opening 
cocoons containing dead larvae of the European spruce sawfly, Gilpinia 
hercyniae Htg. Subsequently Holling (7) showed that this avoidance extended 
to parasitized as well as to diseased cocooned larvae of the European pine 
sawfly, Neodiprion sertifer (Geoff.). 

The present paper is an extension of this latter study. We know now that 
such small mammals as deer mice and shrews can differentiate between cocoons 
containing healthy, living prepupae, and those containing prepupae attacked 
by fungus and parasites. We know, further, that this selection appears early 
in the sequence of activities leading to feeding. For example, selection was 

1Manuscript received May 1, 1958. 

Contribution from the University of Toronto, Toronto, Ontario, and the Forest Bivlogy 
Division, Science Service, Department of Agriculture, Ottawa, Canada. Contribution No. 469, 


of the latter organization. 
*Present address: Forest Insect Laboratory, Sault Ste. Marie, Ontario. 


Can. J. Zool. 36 (1958) 





634 CANADIAN JOURNAL OF ZOOLOGY. VOL. 36, 1958 


demonstrated when cocoons were dug for as well as when they were removed 
from the ground, opened, and their contents removed for consumption. We 
know, finally, that this selective ability is only acquired by experience, through 
association of some stimulus from the cocoon with the reward within it. Thus 
it remains to reveal the senses involved in the search for food, and in par- 
ticular, those involved in selection. 

Information on stimuli that affect the feeding behavior of small mammals 
is scarce and incomplete. Larina (9), finding that ground squirrels took 
70-90% of seeds planted in plowed rows and none planted randomly, concluded 
that squirrels rely on visual stimuli in the search for food, and that olfactory 
stimuli are of minor importance. On the other hand, indirect evidence sug- 
gested to Dennis (2) that squirrels rejected wormy nuts on the basis of an 
olfactory stimulus. To determine how the shrew Blarina differentiates be- 
tween normal and empty snail shells, Shull (14) filled the latter with sand and 
covered the opening. He found they were still rejected, and concluded that 
odor was the external stimulus involved. Odor has been considered important 
in the feeding of other shrews as well. From general observations of the shrew 
Sorex, for example, Middleton (10) stated that the animal “undoubtedly 
hunts for its food almost entirely by its keen sense of smell and touch.” 
Conversely, Hamilton (5) believed that tactile stimuli are the most important 
releasing factors and that visual and olfactory stimuli are of minor importance. 

It seems then, from the literature, that a variety of stimuli have been pro- 
posed as important in the location and selection of food items by small mam- 
mals. The purpose of the study reported in this paper is to describe the search- 
ing technique and to identify the senses involved in the location and selection 
of cocoons of the European pine sawfly by three important predators: Sorex 
cinereus cinereus Kerr, Blarina brevicauda talpoides Gapper, and Peromyscus 
maniculatus bairdit Hoy and Kenicott. 


The Food Searching Technique 


An animal in nature is confronted with a variety of odors, sounds etc., 
some eliciting a positive response, others no response, and still others a negative 
or avoiding response. The way these responses develop can best be revealed 
in experiments using inexperienced animals, whose feeding history is known, 
by providing them with new foods in a simple, familiar environment. All 
experiments therefore were conducted with mature animals either born and 
raised in captivity (Peromyscus) or caught in the field and kept isolated from 
cocoons in captivity for at least four months (Sorex and Blarina). These 
‘‘inexperienced’’ animals hence were familiar only with the maintenance food, 
which for Peromyscus was dog biscuits* and for the shrews Sorex and Blarina 
canned meat prepared for dogs.f 

*Gaines Krunchon manufactured by General Foods, Ltd., Toronto, Ontario. 


tDr. Ballard’s Champion Dog Food, Regular Flavour, manufactured by Dr. Ballard’s 
Animal Foods, Ltd., Toronto, Ontario. 
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The first experiments were designed to demonstrate how a buried food is 
located when it is suddenly presented in a familiar environment. Two Sorex 
were tested, individually, ina 30 XK 24 X 6in. cage, whose bottom was covered 
with fine washed quartz sand to a depth of 2cm. At all times a surplus of 
alternate food (canned meat), provided in a petri plate on the sand surface, 
and of water was available. After the animals had been familiarized with the 
experimental cage for 2 weeks, 160 cocoons, identified as containing healthy 
prepupae by a method of X-ray analysis (8), were buried in a grid pattern 
and completely covered by the sand. The sand was dampened and pressed 
so that holes dug by the shrews would remainclear. At the end of each 24-hour 
experiment the total number of holes dug and the number dug over cocoon 
positions were recorded, and the cocoons removed were replaced for the next 
experiment. After nine such experiments all cocoons were removed from 
the sand and digging activity was noted during the following 24-hour periods. 

As shown in Fig. 1, which represents the data for one animal, only one hole 
was dug in the sand during the 7 days immediately before cocoons were pro- 
vided. As soon as cocoons were added, however, the animal dug 132 holes 
the first day, of which 131 were located over cocoon positions. Thus this 
foreign stimulus, suddenly appearing in familiar surroundings, immediately 
elicited a response. Subsequently the number of holes dug gradually increased 
as the animal became more experienced. At all times, however, nearly 100% 
of the holes were dug directly over cocoon positions, showing a definite orienta- 
tion to some stimulus related to the cocoons. The location of cocoons by 
digging hence was not a random activity. When cocoons were removed, the 
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Fic. 1. Number of holes dug over grid positions before, during, and after cocoons 
were buried at the positions. The expected number of holes dug were calculated assum- 
ing the holes were dug at random, with no orientation to the grid positions. 
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total number of holes dug each day declined slowly and the number dug over 
grid positions, where cocoons were once buried, approached the number to be 
expected if digging was at random. Thus there was no position learning. 
Even in this absence of cocoons, digging was maintained for some time as a 
result of the rewards the animal previously received from this behavior. The 
rate of digging declined, however, since the behavior no longer was being 
reinforced with a reward. On days 26 to 28 digging spontaneously recovered, 
a characteristic of the extinction of many conditioned behaviors. 


These data suggest that this behavior of Sorex might be learned. Further 
experiments were designed to establish this more clearly, not only for Sorex 
but for the other species as well. The experiments were similar to the pre- 
vious ones except that the number of cocoons opened was recorded, rather 
than only the number of holes dug. It had already been shown that there was 
a direct relation between these two activities. Twenty-two animals were 
tested, 12 Peromyscus, 7 Sorex, and 3 Blarina. The degree of learning was 
calculated as an index by expressing the number of cocoons opened each day 
as a percentage of the average number opened during the last 6 days of the 
experiment, when learning was presumed to be complete. In this way the 
degree of learning of animals with different levels of consumption could be 
directly compared. 

In Fig. 2 the ability of individuals of each of the three species of predator to 
locate and open cocoons is shown to change with time, reaching a constant 
in 3 to 4 days. The cumulative number of cocoons opened during this initial 
learning period differs for the different species, being highest for Peromyscus 
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and least for Sorex. There are thus two different criteria for rate of learning. 
When the criterion is the number of days, the rate of learning is similar for 
the three species, but when the criterion is the number of cocoons opened, the 
rate is apparently different. In any case, the appearance of a strange stimulus 
from this new food in a familiar environment elicits a response that becomes 
more marked as more experience is acquired in associating the stimulus 
received from cocoons with the reward within them. Itisa typeof conditioned 
behavior. 

The initial reaction of digging when cocoons are first presented to an inex- 
perienced animal is a generalized response elicited by a large number of stimuli. 
When empty cocoons, cocoons containing fungus-attacked prepupae, chips of 
wood, or even pieces of cotton batting were buried in the sand, initially they 
were dug for just as cocoons containing healthy prepupae were. None of 
these objects, however, provided the necessary reinforcement of the activity, 
so that the number of holes dug over them declined to zero within 3 to 4 days. 
Thus some stimuli become screened out of the animal’s perceptual world and 
its activities are concentrated on others that lead to items essential for its 
existence. At all times, however, the animal retains its potentiality to take 
advantage of any new food that appears in its environment. 


Sensory Stimuli Responsible for the Location 
and Selection of Food 


The location of buried cocoons by small mammals presumes that a stimulus 
is detected from the cocoons. We have already shown that digging is not 
random. Similarly the selection of cocoons containing different contents 
presumes the detection of different stimuli. The class of stimuli associated 
with location of food are probably the same as those associated with selection 
of it, so that they can be identified by revealing the latter. These stimuli 
must be one or more of the following: tactile, visual, auditory, olfactory, or 
gustatory. Since the complex of stimuli may differ in each phase of the search 
for food, the stimuli involved in the four phases—digging, removing, opening, 
and eating—will be considered separately. 


Digging Phase 

Since selection occurs in the digging phase before the animal is in visual or 
tactile contact with the cocoons, it must, in this phase at least, be governed 
by differences in sounds or odors emanating from the cocoons. For example, 
sounds may be greater or odors more intense or different from cocoons con- 
taining living sawfly prepupae than from cocoons containing parasitized pre- 
pupae or prepupae attacked by fungus. It is questionable, however, whether 
auditory differences are great enough to allow for selection. If the intensity of 
sounds from living sawfly prepupae is related to movement of the prepupae, 
which seems reasonable, an indication of the intensity of possible sound is 
available. Cocoons were X-rayed at an exposure of 1.5 minutes using the 
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method described in another paper (8). If the parasites or the sawfly pre- 
pupae moved appreciably during this time a blurred picture would result. Of 
five X-ray negatives examined, only eight living sawfly prepupae of 3350, 
and only three parasites of 892, showed any signs of movement. It was thus 
assumed that insufficient sound emanated from cocoons to permit their detec- 
tion by small mammals. 


The possible role of sound in the detection of healthy prepupae was also 
tested more directly, by measuring the ability of caged S. c. cinereus to dis- 
tinguish between normal cocoons containing healthy prepupae, and opened 
ones containing freshly killed and macerated prepupae. It was hoped that 
while the killing and maceration of the prepupae would remove any sounds, 
the odors would remain the same. Two animals were tested each of which 
had previously learned to distinguish between healthy and empty, opened 
cocoons. The tests with each animal were divided into two series of four 
24-hour experiments. In experiments of the first or control series, 70 normal, 
healthy cocoons were alternated, in a grid pattern, with 70 empty, opened 
cocoons containing a cotton plug. In the second or test series 70 normal 
healthy cocoons were alternated with opened cocoons containing a freshly 
killed and macerated prepupa and a cotton plug. The cocoons were covered 
with 2 cm of fine quartz sand. After each experiment the mammal was 
removed from the cage, the number of holes dug over cocoons of each category 
was recorded, and fresh cocoons were added for the next experiment. 


Selection in these experiments is given a numerical value by using an index 
of selection adopted from Dice (3): 
I=(Ba—Ab)/(Ba+Ab) 

where A =number of normal, healthy cocoons provided, 

a=number of normal, healthy cocoons dug for, 

B=number of empty cocoons provided, 

b=number of empty cocoons dug for. 
When equal numbers of each category are provided the formula reduces to: 

I=(a—b)/(a+5). 
The index ranges from —1.0 when a=0, through 0.0 when a=), to 1.0 when 
b=0. The differences in the number of cocoons of each category opened were 
tested for significance using the chi-square test for a 2 X 2 contingency table. 
Results are presented in Table I. Significantly more holes were dug over 
healthy than over empty, opened cocoons in experiments of the control series. 
Adding macerated prepupae to the empty cocoons, however, destroyed this 
selective ability, so that approximately equal numbers of holes were dug over 
cocoons of each category. Thus, in the digging phase, S. c. cimereus reacts 
the same towards healthy, living prepupae as to freshly killed ones. Auditory 
stimuli are apparently not important in locating or selecting cocoons. 
To assess the role of odor in feeding behavior an olfactometer was employed 

(Fig. 3). It consisted of a rectangular plywood box (A) 12 X 12 X 6in. with 
a lucite front. A removable wire mesh platform (B), suspended 6 in. above 
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TABLE I 


SELECTION BY TWO 5S. ¢. cinereus OF HEALTHY COCOONS VS. OPEN CQCOONS 
CONTAINING FRESHLY KILLED AND MACERATED PREPUPAE 


, No. Contents of cocoons No. No. holes dug Av. index of selection 
Series expts. provi provided over cocoons P (and range) 
Control 8 Healthy prepupae 560 406 
<1% 0.547 
(0.455 to 0.660) 
Cotton plugs only 560 119 
Test 8 Healthy 560 458 
. >5% —0.03 


‘0 
(—0.024 to —0.085) 


Macerated prepupae 
and plugs 560 486 


the floor of the box, separated an upper observation chamber from a lower 
airchamber. The latter was divided in half by a plywood partition (C) which 
fitted tightly against the platform and separated two air streams. A funnel- 
shaped, metal roof (D) covered the box. Animals could pass at will from the 
observation chamber to a nest box located at the back of the olfactometer 
through a connecting passageway (E). Twostreams of air entered the appara- 
tus through two odor saturation tubes (F) 6 in. in length and 1} in. in diameter. 
Each air stream then passed through glass tubes into a flow meter (G), entered 
one side of the lower chamber, passed upwards through the wire mesh plat- 
form, through the observation chamber, into the funnel-shaped roof, and 
finally was drawn out by a vacuum pump. The rate of flow of each air stream 





Fic. 3. Diagram of apparatus used to assess the role of olfaction in the selection of 
cocoons (see text). 
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was kept constant at 2.5 l.p.m. By placing cocoons in the odor saturation 
tubes it was possible to have each air stream pass over cocoons of a particular 
category before passing through the wire mesh platform. The ability of the 
animals to distinguish the two air masses could then be inferred by a difference 
in behavior observed on each side of the platform. 

Two behaviors were considered: general movement (walking and sniffing 
principally) on each side, and the choice of side on entry into the observation 
chamber. These activities were recorded using an Esterline-Angus recorder. 
By the operation of one or more of four soundless switches, which each dis- 
placed a pen, the different activities could be recorded on a chart moving at a 
constant speed of 3 in. per minute. The time records were accurate to the 
nearest half second. 

Experiments were conducted with individual animals which were provided 
with supplementary food and water at all times. All experiments were 
conducted at night when the animals were most active and when external 
disturbances were at a minimum. The observation chamber was dimly lit by 
a lamp placed directly in line with the center of the apparatus, and the observer 
sat in darkness behind this light. 

For the first 3 nights the animal was left in the apparatus and was provided, 
in the observation chamber, with cocoons of the two categories to be tested. 
Room air circulated freely through the olfactometer, and each day the appar- 
atus was thoroughly washed and rinsed. This 3-day period provided a suf- 
ficient number of trials for the animals to learn to differentiate between cocoons 
of the two categories before opening them (7). On the fourth night, the choice 
of side on entry into the chamber, and observations on the time spent on each 
side of the observation chamber, were recorded. From 9:00 P.M. to 12:00 
midnight this was done with no odor of cocoons present and from 12:00 to 
4:00 A.M. records were made with the odor of cocoons containing living saw- 
flies present on one side and the odor of cocoons containing parasitized or 
fungus-infected cocoons on the other. The odors were assigned randomly 
to each side. 

The time spent in air passed over healthy or fungus-infected cocoons is 
recorded in Table II. Each animal spent relatively more time in the air 
stream that had passed over healthy cocoons and, as shown by the indices of 
selection, this orientation was remarkably uniform between animals. 

The analysis of choice of entry records for these experiments is presented in 
Table III. All animals, with the exception of 257D, made significantly more 
entries into the side containing air that had passed over healthy cocoons. The 
abnormal behavior of 257D is perhaps due to the few data for this animal. 
Both Tables II and III indicate that P. m. bairdii can differentiate between 
air that had passed over healthy cocoons and air that had pzssed over fungus- 
infected cocoons. 

It is of interest, now, to determine how animals that have not learned to 
differentiate between healthy and fungus-infected cocoons before opening them 
react to the two air streams. Three individuals of P. m. bairdii that had been 
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TABLE II 


TIME SPENT BY P. m. bairdit IN TWO AIR STREAMS BEFORE AND AFTER 
ONE STREAM PASSED OVER HEALTHY COCOONS AND THE OTHER OVER 
FUNGUS-INFECTED COCOONS 











Sec. activity in air streams; Sec. activity in air streams; 
before air passage after air passage 
over cocoons over cocoons 
Air destined Air destined Index of selec- 
for passage for passage Air passage Air passage tion (healthy 
Animal over healthy over infected over healthy over infected odor vs. fungus 
No. cocoons cocoons cocoons cocoons odor) 
160A 72.1 22.9 753.7 84.0 0.480 
257B 144.8 251.6 694.6 460.2 0.448 
160B 197.2 179.6 309.5 97.9 0.485 
257D 25.4 47.4 192.3 137.2 0.447 
100A 360.0 375.0 120.2 50.1 0.428 
- TABLE III 


CHOICE ON ENTRY BY FP. m. bairdii OF TWO AIR STREAMS BEFORE AND AFTER 
ONE STREAM PASSED OVER HEALTHY COCOONS AND THE OTHER OVER 
FUNGUS-INFECTED COCOONS 


Choice of air stream on entry; Choice of air stream on entry; 








before air passage after air passage 
over cocoons over cocoons 
Air destined Air destined 
for passage for passage Air passage Air passage 
Animal over healthy over infected over healthy over infected 

No. cocoons cocoons cocoons cocoons x? 
160A 6 4 22 2 4.87* 
257B 14 20 48 9 46:27" 
160B 6 : 19 23 15 8.10** 
257D 1 8 7 11 2.42 
100A 15 30 17 9 6.83** 


*Difference significant at the 5% level. 
**Difference significant at the 1% level. 


isolated from cocoons since birth were used in experiments identical with those 
described above. Since it has been shown (7) that small mammals must learn 
to differentiate between healthy and fungus-infected cocoons, these three 
untrained animals presumably lacked this ability to select. 

Table IV shows that one animal (No. 10) apparently orientated to air that 
had passed over healthy cocoons, one (No. 6) to air that had passed over 
fungus-infected cocoons, and one (No. 9) did not orientate to either air stream. 
This is quite different from the uniform orientation to air that had passed 
over healthy cocoons by animals experienced in selecting. Table V shows 
that the choice of side on entry into the olfactometer did not change signi- 
ficantly when the air streams passed over cocoons. 
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TABLE IV 


RESULTS OF TIME RECORDS FROM OLFACTOMETER EXPERIMENTS USING 
P.m. bairdit WITH NO PREVIOUS CONTACT WITH COCOON 








Sec. activity in air streams; Sec. activity in air streams; 
before air passage after air passage 
over cocoons over cocoons 

Air destined Air destined Index of selec- 
for passage for passage Air passage Air passage tion (healthy 

Animal over healthy over infected over healthy over infected odor vs. 
No. cocoons cocoons cocoons cocoons fungus odor) 

10 236.0 248.3 167.9 102.9 0.264 

9 233.0 170.1 162.2 129.0 —0.043 

6 133.1 158.3 78.3 275.3 —0.495 

TABLE V 


RESULTS OF CHOICE OF ENTRY RECORDS FROM OLFACTOMETER EXPERIMENTS 
USING P. m. bairdii WITH NO PREVIOUS CONTACT WITH COCOONS 


Choice of air streams on entry; Choice of air streams on entry; 
before air passage after air passage 
over cocoons over cocoons 





Air destined Air destined 


for passage for passage Air passage Air passage 
Animal over healthy over infected over healthy over infected 
No. cocoons cocoons cocoons cocoons x? 
10 12 19 11 18 0.004 
9 15 8 14 9 0.093 
6 14 24 17 23 0.261 


Animals experienced in selecting orientate to air passed over healthy cocoons 
and avoid air passed over fungus-infected cocoons. These animals must 
react to some substance in the air derived from the cocoons. Since inex- 
perienced animals do not orientate uniformly to air passed over healthy cocoons, 
the substance in the air must be a very precise characteristic of the cocoons. 
It could hardly be water vapor, for example. It seems logical that this 
characteristic is odor. It must also be true that there is not an innate pref- 
erence for the odor of healthy cocoons. This preference is acquired. 


To determine if S. c. cinereus could differentiate between the odor of healthy 
cocoons and the odor of parasitized cocoons, similar olfactometer experiments 
were conducted. One animal, able to select between the two categories of 
cocoons, was used. In the first half of the experiment the odor from healthy 
cocoons was on the left side and in the second half it was on the right side. 
Table VI shows the effect of this change on the choice of side on entry. The 
change in side chosen is highly significant and indicates an orientation to the 
healthy odor. 
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TABLE VI 


RESULTS OF CHOICE ON ENTRY RECORDS FROM OLFACTOMETER 
EXPERIMENTS DEMONSTRATING THE ROLE OF OLFACTION IN 
THE DIFFERENTIATION BY 5S. ¢. cinereus BETWEEN HEALTHY 

AND PARASITIZED COCOONS 


Choice on entry 





Side with healthy odor Left side Right side x? 
Left 38 25 
nmi 
Right 13 35 


**Difference significant at the 1% level. 


Removing and Opening Phases 

While olfaction seems to be the only sense involved in selection in the dig- 
ging phase, other senses could also play a part in the removing and opening 
phases. Differences in external appearance, texture, and weight of the co- 
coons might be involved. It is doubtful, however, that differences in the 
external appearance of the cocoons are involved in selection since the notori- 
ously poor-sighted shrews exhibit the greatest ability to select. Differences 
in weight miglit account for selection. Since fungus-infected cocoons are 
lighter than those containing living prepupae, the degree of selection exhibited 
by an animal presented with two categories of the larger female cocoons could 
differ from the degree of selection when it is then presented with the same 
categories of the smaller male cocoons if differences in weight played a part 
in selection. It will be shown later that sex per se is not significant. To test 
this possibility, one P. m. bairdii was presented for 3 days with equal numbers 
of female cocoons containing living prepupae and female cocoons containing 
fungus. Male cocoons of both categories were then presented for 3 days. 
The results recorded in Table VII show that this change did not affect selec- 
tion, suggesting that odor alone is responsible for selection in the removing 
and opening phases. 


TABLE VII 


THE EFFECT ON SELECTION OF CHANGING THE SIZE OF THE 
CATEGORIES OF COCOONS PROVIDED 





No. of cocoons No. of cocoons 
provided opened 
Fungus- Fungus- Index of 
Sex of cocoons Healthy infected Healthy infected selection x 
Female (large) 300 300 281 6 0.957 


1.23 
Male (small) 300 300 290 5 0.966 
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Eating Phase 

In the final eating phase gustatory stimuli are added to the complex men- 
tioned. As shown in an earlier paper (7, Fig. 6), selection in this phase dif- 
fers from that in others in that learning is apparently negligible, the animals 
avoiding fungus-infected prepupae without previous experience. Thus the 
ability to select in the eating phase is innate, implying an innate preference 
for some stimulus from healthy sawflies. Since, from Tables IV and V it can 
be inferred that there was not an innate preference for odors, this stimulus 
cannot be an olfactory one. It is probably a gustatory stimulus. Olfactory 
stimuli appear to be responsible for the releasing and directing of behavior in 
digging, removing, and opening phases but it is probably gustatory stimuli 
which maintain eating in the final phase. 


Source of the Odor from Healthy Prepupae 

When it was established that mammals detect the odor from sawfly pre- 
pupae, several prepupae were dissected to see if any macroscopic object could 
serve as the locus of the odor. The oesophageal diverticula, characteristic 
of the Diprionidae, seemed promising since they are filled with a sticky, 
resinous substance which, to the human at least, has a strong odor. Tests 
were run using two S. c. cinereus to determine whether or not the odor by 
which the mammals detect the sawflies was located in these pouches. 

Briefly, the method employed was to train each animal to select between 
healthy and empty, opened cocoons. When this training was complete, 
selection in the digging phase was tested when either a pair of oesophageal 
pouches or a prepupa less its pouches was added to each empty cocoon. Since 
the method and results were typical of other experiments already described 
the results can be briefly summarized. Only the addition of prepupae less 
their oesophageal pouches to opened cocoons prevented the shrews from dif- 
ferentiating between these and healthy cocoons. Opened cocoons containing 
the pouches were avoided just as empty cocoons were. Thus the oesophageal 
pouches and their contents do not seem to play any role in the detection of 
sawfly prepupae and the source of the odor detected by the mammals must 
reside in some other part of the prepupae. 


Selection of Female vs. Male Cocoons 


The experiments outlined thus far indicate that olfactory stimuli are involved 
when mammals differentiate between healthy and fungus-infected cocoons 
and between healthy and parasitized cocoons, before eating their contents. 
But there are also male and female cocoons present in nature. It is of interest 
now to see if the mammals can select between the sexes and to determine the 
role of odor in any selection that does take place. 

Information on the selection by small mammals of female and male cocoons 
was obtained from two sources: from the analysis of cocoon samples collected 
in the field, and from cage experiments conducted under laboratory condi- 
tions with S. c. cinereus. In both instances the sex of the cocoons was deter- 
mined by size, the male cocoons being smaller than the female cocoons. In 
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two groups of 80 small cocoons and 80 large cocoons measured with a binocular 
microscope and an ocular micrometer, the average length of the small cocoons 
was 7.40 mm (range 6.71 mm to 8.00 mm) while that of the large cocoons was 
9.73 mm (range 8.78 mm to 10.78 mm). When the sawflies in these cocoons 
were allowed to emerge as adults, the small cocoons proved to contain only 
males and the large cocoons only females. 

Selection is numerically indicated using the index of selection described 
earlier. In the present instance the index ranges from —1.0 when only males 
were opened, through 0.0 when equal numbers of female and male cocoons were 
opened, to 1.0 when only female were opened. 

Information on selection was first obtained directly from the analysis of 
cocoon samples collected in the field. The cocoon sampling technique has 
been described in another paper (7). Briefly, 150 or more Scots pine trees 
were selected throughout a plantation, and the cocoons collected from 1-ft- 
square samples of the litter and duff under each tree were analyzed. Five 
hundred and eight such quadrats were sampled in two Scots pine plantations 
just before adult sawfly emergence in September 1952. Live-trapping for 7 
days each month from June to September showed that S. c. cinereus and 
B. b. talpoides were the common species in one plantation, while P. m. bairdii 
was the only species in the other. Opened cocoons collected from the former 
plantation were separated into two categories: opened by S. c. cimereus, and 
opened by B. b. talpoides, using the criteria for segregation outlined in an earlier 
paper (7). The opened cocoons collected from the latter plantation were not 
segregated since apparently only P. m. bairdii was present. 


The results of the analysis of these samples are presented in Table VIII. 
All species of small mammals opened significantly more female than male 
cocoons, i.e., the indices of selection were positive. The apparent gradation 
in the degree of selection, decreasing from B. b. talpoides, to P. m. bairdii, to 
S. c. cinereus, differs from the gradation observed in the selection of cocoons 
containing living sawfly prepupae vs. those containing fungus and parasites (7) 
where S. c. cinereus exhibits the greatest selective ability, and P. m. bairdit 
the least. 


TABLE VIII 


RESULTS OF THE ANALYSIS OF COCOONS COLLECTED FROM 1-SQ-FT QUADRATS 
TO SHOW THE NUMBER OF FEMALE AND MALE COCOONS OPENED 
BY SMALL MAMMALS IN THE FIELD 


Total no. No. cocoons 
No. of cocoons opened 
quadrats ———___-._ ———__- Index of 
Species examined Female Male Female Male P selection 
S. ¢. cinereus 204 3704 2786 1235 781 =<1% 0.086 
B. b. talpoides 204 3704 2786 626 Tae -<1% 0.340 


P. m. bairdii 304 4725 5371 495 418 <1% 0.148 
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The ability of S. c. cinereus to select in cages was also examined, using ani- 
mals that had been isolated from cocoons for 5 months before the experi- 
ments. Their feeding history therefore differed from that of animals in the 
field, which are first exposed to male cocoons, the female cocoons becoming 
available approximately one week later. In order to stimulate this feeding 
history the caged animals were presented with 150 male cocoons each day for 
7 days, immediately preceding the selection period. 

In the first series of cage experiments three S. c. cinereus were used. In each 
experiment the cocoons were provided uncovered on the cage floor so that the 
digging and removing phases were bypassed and selection was determined 
solely on the basis of opening. The results of these experiments, after a steady 
level of selection was reached, are listed in Table IX. Each animal opened 
significantly more male than female cocoons, i.e., the indices of selection were 
negative. 

These results apparently contradict those presented in Table VIII, from 
which it was concluded that the index of selection was positive. Since the 
latter index was obtained from field data it is the average of the selection indices 
in all the phases. The negative index obtained from the results of cage experi- 
ments, however, represents selection in the opening phase alone, and if the 
selection in the digging phase were included, the index might become positive. 
It was considered of interest, therefore, to examine selection in the digging 
phase, using experiments of the grid type described previously (7). 

In these experiments male cocoons were buried alternately with female 
cocoons in a grid pattern. Experiments were conducted with three S. c. 
cinereus, and the results are listed in Table X. Each animal dug significantly 
more holes over female than over male cocoons, i.e., the index of selection was 
positive. There were no significant differences in the indices of selection 
between experiments or between animals. 

Since the index of selection in the digging phase was positive the apparent 
difference between results from the field and from cage experiments is recon- 
ciled, since the positive index of approximately 0.29 in the digging phase would 
be sufficient to mask a negative index in the opening phase. When cocoons 
were buried, therefore, the direction and degree of selection in the opening 
phase should have been determined by observing the deviation of the index 


TABLE IX 
RESULTS OF CAGE EXPERIMENTS TO SHOW THE DEGREE OF SELECTION OF 


FEMALE VS. MALE COCOONS BY 5S. c. cinereus. COCOONS WERE 
PROVIDED UNCOVERED ON THE CAGE FLOOR 


No. of cocoons’ No. of cocoons 


provided opened 
Animal —_— FO Index of selection and 
No.  Expts. Female Male Female Male P range between expts. 
Si 8 687 426 129 242 <1% -—0.503 (—0.130 to —0.876) 
Ss 4 550 550 48 70 <5% -—0.186 (—0.082 to —0.235) 
Se 8 1191 1191 135 253 <1% —0.304 (—0.091 to —0.538) 
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TABLE X 


RESULTS OF CAGE EXPERIMENTS TO SHOW SELECTION BY 5. ¢. Cimereus OF 
FEMALE VS. MALE COCOONS IN THE DIGGING PHASE IN THE SEARCH 
FOR COCOONS 





No. of cocoons No of holes dug 
buried over cocoons Index of selection 
Animal 9 ---—-.— ————---—— = and ranges between 
No. Female Male Female Male P expts. 
Sos 278 278 148 81 <1% 0.293 
(0.267 to 0.432) 
Ss 791 791 288 168 <1% 0.263 
(0.022 to 0.610) 
Ss 1984 1984 1053 580 <1% 0.290 


(0.177 to 0.440) 


of selection for open cocoons from 0.29 rather than from 0.0. Thus in the results 
for S. c. cinereus derived from cocoon samples (Table VIII) the index of selec- 
tion in the opening phase would be approximately 0.09—0.29= —0.20. This 
corresponds to the negative selection observed in cage experiments where the 
digging phase was bypassed (Table IX). 

There is no doubt that selection of female over male cocoons is possible. 
Furthermore, the sex of cocoon selected depends upon what phase is used as 
the criterion for selection. It is of interest now to consider the effect of exper- 
ience on this selection, to see if the ability is acquired. 

Two S. c. cinereus were used in these experiments. Each animal was tested 
separately and was provided with male cocoons for 7 days ina pretesting period. 
In the selection period, lasting for 18 consecutive 24-hour experiments, cocoons 
were buried in a grid pattern, with 150 female cocoons alternating with 150 
male cocoons. After each experiment, counts were made of the number of 
holes dug over each category, of the number of cocoons of each category 
removed, and of the number opened. 

Since selection in the digging phase is so different from that in the opening 
phase, the index of selection in the latter phase must be independently deter- 
mined. The effect of selection in the digging phase was eliminated from that 
in the opening and removing phases when the indices of selection were cal- 
culated. Normally, when equal numbers of cocoons of each category are 
provided the index is calculated as: 

I = (no. female cocoons opened or removed—no. male cocoons opened 
or removed)/(no. female cocoons opened or removed+no. male 
cocoons opened or removed) 

i.e. I = (a—b)/(a+0). 
Since more female cocoons are dug for, this index is misleading. If 

X = no. of holes dug over female cocoons 

and 


Y = no. of holes dug over male cocoons 
then the corrected index would be 
I. = (Ya—Xb)/(Ya+Xb). 
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Fic. 4. Effect of experience on the selection of female vs. male cocoons by S. c. cinereus 
in three phases in the search for cocoons. 


Figure 4 presents the results of experiments with one animal. Results 
from experiments using the other animal were similar. In the digging phase 
the index of selection remained relatively constant while in the removing and 
opening phases the index declined steadily from 1.0 (100% female cocoons 
removed and opened) through 0.0 (equal numbers of male and female cocoons 
removed and opened) to a negative number (more male cocoons removed and 
opened than female). Evidently learning occurs respecting selection in the 
removing and opening phases, but not in the digging phase. 

An interesting feature of these learning curves deserves mention. There 
was initially a complete avoidance of male cocoons, the category presented 
in the pretesting period. This was followed ultimately by a reversal in the 
selection, so that male cocoons were selected over female cocoons. A similar 
situation was observed in the selection of healthy vs. parasitized cocoons (7), 
but since there were insufficient data, the phenomenon cannot be further 
analyzed. 


Sensory Stimuli Involved in the Selection 
of Female vs. Male Cocoons 


Two fundamental differences have been noted between selection between 
male and female cocoons in the digging and in the opening phases. Firstly, 
selection in the digging phase is positive while in the opening phase it is nega- 
tive. Secondly, selection in the digging phase does not change with experience 
while in the opening phase it does. In view of these differences, it is difficult to 
presume that the same sensory mechanism is involved in both cases. Con- 
sideration therefore will be given to the sensory stimuli involved. 
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In an earlier section which dealt with the stimuli responsible for selection 
of healthy vs. fungus-infected cocoons, it was argued that olfactory stimuli 
enabled the animals to differentiate between cocoons of these two categories 
in the digging phase. If these arguments are valid in the present connection, 
the odor of female cocoons must differ in some respect from that of male co- 
coons The difference might be of kind, or degree, or both. Since it is obvious 
that female cocoons are larger than male cocoons it seems possible that dif- 
ferences in degree of odor account for selection in the digging phase. 

The degree or intensity of odors from cocoons is presumably proportional 
to the surface area of the cocoons. If selection in the digging phase results 
through a difference in the intensity then the following relationship might hold: 

no. of ‘‘female holes”: no. of “‘male holes’’: : the surface area of the female 

cocoons: surface area of the male cocoons. 

To test this relationship the surface area of 80 female cocoons and 80 male 
cocoons was calculated. The length and width of each cocoon was measured 
to the nearest 1/100 mm with a binocular microscope focused on a point mid- 
way between the upper and lower surfaces. Measurements were made with 
an ocular micrometer divided into divisions of 0.0174 mm. The surface area 
of each cocoon was calculated by assuming that the cocoons were essentially 
cylinders with each end capped by a hemisphere. Although there was cer- 
tainly some error in this assumption, since the female cocoons appear to be 
more elliptical than the male cocoons, the calculations should be roughly 
correct. 

The average surface areas of each category are listed in Table XI. Using 
these figures, and assuming that the number of holes dug is in proportion to 
the degree of odor, the expected number can be compared with the observed 
number dug by three caged S. c. cinereus. The expected and observed indices 
of selection can then be calculated and compared. If selection results through 
differences in the degree of odors, the indices should be reasonably similar. 
As Table XI indicates, this relationship seems to hold. 

As a direct experimental test of the proposition that selection in the digging 
phase results from differences in the degree of odors emanating from cocoons, 
experiments of the grid type were conducted. The experiments were con- 
ducted with one S. c. cinereus that had been in contact with equal numbers 
of female and male cocoons for 6 nights, and were divided into three stages. 

TABLE XI 
RESULTS OF GRID EXPERIMENTS TO EXPLAIN THE SELECTIVE ABILITY OF SS. ¢. cinereus (FEMALE 


VS. MALE COCOONS) IN THE DIGGING PHASE, ON THE BASIS OF DIFFERENCE IN THE SURFACE 
AREA OF THE COCOONS 


Surface area No. of holes dug over cocoons Index of selection 
Sex of of cocoons, ———————————-  —————— 
cocoons sq mm Expected Observed Expected Observed 
Female 112.95 1429 1489 
0.233 0.285 


Male 70.30 889 829 
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The first stage included six experiments, each lasting 24 hours. One hundred 
and fifty male cocoons and 150 female cocoons were buried at their respective 
grid positions, so that one male cocoon alternated with one female cocoon. 
The second stage included four experiments each lasting 24 hours. The 
cocoons were buried as before except that two male cocoons alternated with 
one female, thus doubling the intensity of the odor at the male positions. 
The third stage of experiments duplicated the first. Since the results from 
the first and third stages were not significantly different, they are grouped. 

The results are presented in Table XII. The expected numbers of holes 
dug over cocoons in the second stage of experiments was calculated from the 
results in the first and third. This was done by assuming that a doubling in 
the degree of odor from male cocoons would proportionately increase the num- 
ber of ‘‘male holes” dug. Since the expected number of holes dug is almost 
identical with the observed, it appears that the number of holes dug depends 
upon the amount of odor emanating from the cocoons and it is unnecessary, 
therefore, to presume that the selection of female cocoons over male cocoons 
in the digging phase depends on anything more than the difference in size of 
the two sexes of cocoons, which gives rise to differences in degree of odor. Dif- 
ferences in the kind of odor do not appear to be involved. More female co- 
coons are dug for because they are more easily detected. 

Selection in the digging phase, then, involves only odor. Since selection 
in the opening phase differs so much from that in the digging phase, some other 
factor must be involved. The most obvious factor would be differences in 
the size of the cocoons as detected by sight or touch. It could be that the 
small shrew, S. c. cinereus, is able to manipulate the male cocoons more easily 
than the female cocoons. 

Previously the gradation in the degree of selection, decreasing from B. b. 
talpoides to P. m. bairdii to S. c. cinereus, was demonstrated from the analysis 
of field data. The indices of selection calculated here were the average of the 
indices in all phases up to the opening phase. The same gradation in indices 
would apply to the opening phase alone if B. p. talpoides and P. m. bairdit 
behaved in a manner similar to S. c. cinereus in the digging phase. That is, 
selection for the former two species would have to involve differences in the 


TABLE XII 


RESULTS OF GRID EXPERIMENTS TO SHOW THE EFFECT OF BURYING TWO MALE 
COCOONS ALTERNATELY WITH ONE FEMALE COCOON AND THUS DOUBLING 
THE SURFACE AREA AT THE MALE GRID POSITIONS 


No. of holes dug 
over cocoons 


— Index of 
Method of burying cocoons in grid Female Male selection x? 
1 male alternates with 1 female 1053 580 
exp. 211 233 —0.0496 
2 males alternate with 1 female 0.009 
obs. 210 234 —0.0540 
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degree and not kind of odors as it does in the case of S. c. cimereus.. Since 
S. c. cinereus previously proved most efficient in differentiating between kinds 
of odors (7) this assumption is justified. This gradation in selection corres- 
ponds to the gradation in the size of animals. Animals collected in south- 
western Ontario during the summer of 1952-1953 from snapback traplines 
were measured, and the average body lengths and ranges are presented in 
Table XIII. The gradation in body length corresponds to the gradation in 
selection for size of food, i.e., the larger the mammal, the greater is its selection 
for female cocoons. This selection is probably the result of a balance between 
effort and reward. For a small animal, like S. c. cinereus, there must be less 
effort involved in opening a small, male cocoon than a large, female cocoon. 
This ease in opening is apparently great enough to overcome the decrease in 
the quantity of reward present in male cocoons. With the larger mammals, 
like B. b. talpoides, on the other hand, the balance between effort and reward 
is changed, so that female cocoons are selected over male cocoons. 


TABLE XIII 


A COMPARISON OF THE BODY LENGTHS OF 
THREE SPECIES OF SMALL MAMMALS 


No. of Body length, Range, 


Species animals mm mm 
B. b. talpoides 23 97.3 85-112 
P. m. bairdit 9 81.4 71-90 
S. ¢. cinereus 25 56.2 52-62 


The differences between selection in the digging and opening phases can now 
be explained. In the digging phase the index of selection is positive because 
the female cocoons can be more easily detected. Selection in this phase 
depends solely on the physics of olfaction. Selection in the opening phase on 
the other hand, depends on the “preferences” of the animals, and it is not 
strange, therefore, that a negative index is observed. Since selection in the 
digging phase is mechanical, selection between individuals is highly consistent, 
while the inconsistency of selection in the opening phase reflects the individual 
variability of the animals. Selection in the digging phase does not change 
with experience, for small mammals actively differentiate between categories 
of cocoons on the basis of differences in kind of stimuli and not intensity of 
stimuli. 

Discussion 


Every animal has a particular reaction to stimuli associated with food items. 
The feeding behavior of many insects, for example is released by only a few 
stimuli of very specific character. A classic example is provided in Thor- 
steinson’s studies of Plutella maculipennis (Curt.) (15), for this insect responds 
specifically to the mustard oil glucosides that occur principally in the Cruci- 
ferae. Such a limitation of behavior to reflex responses released by one or a 
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few stimuli concentrates the animal’s activities on those substances most likely 
to provide adequate food. At the same time, however, the animal cannot 
respond to the appearance of a new food, nutritionally adequate, that lacks 
the specific releasing stimulus. 


The feeding behavior of small mammals, on the other hand, is less rigid. 
We have seen that an odor from buried cocoons can be detected and can release 
a digging response directed towards the cocoons, irrespective of their contents. 
Similarily, the same response can be elicited by a number of buried objects, 
e.g., wood chips and pieces of cotton batting. Therefore small mammals 
apparently can be directed towards a variety of odors, only some of which are 
associated with food. This ability could pose considerable problems for a 
small mammal, since it must be surrounded by a bewildering display of poten- 
tial stimuli in its naturalenvironment. The problem is reduced to some extent, 
since Sorex, for example, apparently does not respond to at least one odor, 
that from the resinous substance contained within the oesophageal pouches of 
the sawfly prepupae. This substance, derived from pine needles, is stored in 
the pouches during the feeding stages of the insect, and to humans, at least, 
has a strong pine odor. It is tempting to speculate that Sorex cannot respond 
to this odor because it has been associated, during the evolution of the species, 
with objects, like pine needles, that cannot be utilized. An animal possessing 
the ability to respond to this odor would be at a selective disadvantage, since 
the behaviors released would have no value to the individual. It is conceiv- 
able, therefore that animals possessing the less rigid behaviors characteristic 
of small mammals are so genetically constituted that they cannot respond to 
those common items in their environment that have no nutritive or other 
values. 


A large number of stimuli are still present, however. The frequency of 
response elicited by the ones associated with a reward increases after initial 
detection, so that the original reaction, which is a generalized response to 
any foreign odor, becomes more specific. An odor not associated with a 
reward is ‘‘screened out’’ and even ignored completely in the simple situations 
where only one buried food is available. In more complex situations when 
more than one item is buried in the sand, the screening process is less complete. 
Consider, for example, the results presented in an earlier paper (7) when 
equal numbers of cocoons containing living prepupae and those containing 
fungus-infected prepupae were provided for an inexperienced animal. Ini- 
tially almost equal numbers of holes were dug over cocoons of each category. 
Thereafter the number dug over healthy cocoons increased, while the response 
directed towards fungus-infected cocoons declined. Rarely, however, did the 
digging response released by the odor from fungus-infected cocoons disappear 
completely as it did when only these cocoons were provided. The reinforce- 
ment received from the response directed to healthy cocoons apparently 
extended to the response directed to fungus-infected cocoons. The screening 
process in the digging phase of the activity was not complete in this more 
complex situation. It is interesting to note, however, that the screening 
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became more perfect the closer the response approached the final eating phase. 
Thus proportionately fewer fungus-infected cocoons were opened than dug, 
still fewer were removed than opened, and none were eaten. 

The above discussion points out the relative advantages and disadvantages 
of instinctive vs. learned behaviors. The former are highly efficient in an 
optimum environment but cannot adapt quickly to change. The latter are 
only a little less efficient, for the responses become concentrated to various 
degrees on those stimuli that possess “‘valence’’ (13), as a result of past exper- 
ience. Moreover, the complex of valent stimuli can change, and new foods 
appear in the diet, since the ability to respond to new stimuli persists. 
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THERMAL RELATIONS OF GEOGRAPHIC RACES OF 
SALVELINUS! 


R. W. McCautey? 


Abstract 


Two geographic races each of Salvelinus fontinalis and S. alpinus respectively 
were compared with respect to their upper lethal temperatures and the effect 
of temperature on cruising speed. The two races of S. fontinalis, which are not 
recognized morphologically as subspecies, could not be separated on the basis of 
these tests. A difference in the upper lethal temperatures was found between 
the two groups of S. alpinus, which are recognized as subspecies. No difference 
was found in the response of the cruising speed to temperature, however. 


Introduction 


This study is the second to be carried out in the Ontario Fisheries Research 
Laboratory on variations of the physiological characters of infraspecific 
groups of fish from different regions. The first, undertaken by Hart (11), 
was concerned with variations in the upper lethal temperatures and in certain 
diagnostic morphological characters of 10 species of fresh-water fish over 
their latitudinal range in eastern North America. Each of the respective 
local groups of these species was investigated by taking the apparatus where 
the species was sampled. The present study differs from the first in that 
representatives of the geographic groups were brought to a single laboratory 
as eggs and reared together. All comparisons were consequently made at 
the same place. Two geographic groups of Salvelinus fontinalis (Mitchill) 
and two of Salvelinus alpinus (Linn.) (Salmonidae) were investigated. The 
upper lethal temperatures and the cruising speed in relation to temperature 
were measured. 

In both species the two geographic groups came from different habitats. 
One group of S. fontinalis, that from Pleasant Mount Hatchery, Wayne 
County, Pennsylvania, was chosen because the brood stock was reported (19) 
to be maintained and thriving in water of a temperature somewhat higher 
than the range typical of speckled trout waters. For this reason it was 
suspected that, over the years, this stock might have been thermally selected. 
The material with which these fish were compared was obtained from Chats- 
worth Hatchery, Ontario. The two geographic groups of the second species, 
S. alpinus, were from wild stocks that are considered subspecifically different. 
One sample came from Lake Windermere, England, a small, almost oligo- 
trophic lake where the stock is recognized as S. a. willughbii (Gunther). 
The other came from a large oligotrophic lake, Lake Geneva, France, and is 
known as S. a. alpinus (Linn.). 

1Manuscript received May 17, 1957. 
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This paper is based upon a thesis submitted in partial fulfillment of the requirements for the 
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Method 


Lethal Temperatures 

The determination of lethal temperatures of fish has been placed on a 
quantitative basis through the efforts of a number of workers (2, 4, 5, 6, 10, 
14). This approach has been admirably summarized by Brett (2) and has 
been followed in the present work. In essence the method consists of taking 
samples of the fish to be compared and giving them a preliminary period of 
thermal acclimation by maintaining them at a constant temperature for a 
relatively long period of time. Subsamples are then exposed to test tem- 
peratures by introducing them directly into other constant-temperature 
baths and observing them until all of the subsample are dead or until it is 
apparent that further exposure will not result in death due directly to the 
effects of high temperatures. The time of death of each fish that succumbs 
is recorded and the data are treated statistically. The statistic chosen is 
the geometric mean time to death, which in cases where all the fish in a 
subsample die is equivalent to median mortality time—the LDs commonly 
used in bio-assay (6). In the present investigation only upper lethal tempera- 
tures were determined. 

All experiments were carried out at the Laboratory for Experimental Lim- 
nology, Maple, Ontario, which is supplied with water from an artesian well. 
Schlieper, Blaesing, and Halsband (16) demonstrated that the ionic composi- 
tion of the water affected the thermal resistance of brown trout. In view 
of their results an analysis of the laboratory water is presented. 

THE COMPOSITION OF THE WATER SUPPLYING THE MAPLE 


LABORATORY AS DETERMINED BY THE ONTARIO 
DEPARTMENT OF PUBLIC HEALTH, NOVEMBER, 1955 


Total solids 282.3 p.p.m. 
Alkalinity 224 

Total hardness 269 

Iron 0.04 
Calcium 82.3 
Magnesium 10.3 
Potassium  : 
Sodium y 
Sulphates 29.4 
Chlorides ae 


The fish were fed daily a frozen commercial preparation ‘‘red-gil’’ from 
Burns and Co. The ingredients are given by the manufacturer as liver, 
lungs, spleen, tripe, gelatin, meat meal, salt, yeast, wheat germ, carrot meal, 
wheat middlings, skim milk powder, and concentrated vitamin A. The 
analysis is given as: protein 15%, carbohydrate 3.7%, and fat 2.1%. 

The fish were maintained in air-saturated, running water which was held 
at a constant temperature. The acclimation schedule was based on times 
recommended by Brett (1, 2) and Fry, Hart, and Walker (6) and was as 
follows: 5° C acclimation, from 9° C to 5° C over a period of one month; 
20° C, from 10° C to 20° C over three weeks; 22.5°C, over one week. 

The effect of season on thermal acclimation (11, 12, 15, 17) was accounted 
for by acclimating simultaneously any two groups that were being compared. 
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The identical treatment of two groups also extended to the conditions of 
testing. Thus both samples were placed in the same test bath and were 
either kept separate by wire screening or one group was marked by clipping 
the extreme tip of the caudal fin. By alternating the group which was clipped 
from test to test any effects due to clipping were taken into account. 

The constant-temperature baths used were those described by Brett (2). 
An array of these was set up at a series of temperatures 0.5° C apart controlled 
to +0.1°C. Either 5 or 10 fish from each group were placed in the same 
test bath in any given test. 

A relationship between heat resistance and size has been demonstrated in 
certain species of fish (11, 13). No size relation was found in the previous 
investigation of S. fontinalis (6) but it was felt that the matter should be 
re-examined. In consequence the size of each fish was recorded as well as 
the time of death. However an analysis of this relation in which all the data 
for all groups in the present study were combined in a two by two contingency 
table relating size to order of death gave a value of x? that was not statisti- 
cally significant. It was concluded that size has little or no effect on the 
thermal resistance of the material studied. 


Cruising Speeds 

The method of measuring cruising speed was adapted from that of Fry 
and Hart (7), whose apparatus was used. This consists of an annular glass 
bowl of square cross section with an inner diameter of 6 in. and an outer of 
12 in. (Fig. 1). The bowl is rotated about its vertical axis on a turntable 
driven by an electric motor through a variable speed transmission. 

The slippage of the swirling water was measured by comparing the speed 
of rotation of the bowl to the speed of a ball of cotton wool floating free in 
the water. It was found that the ratio of the two speeds was constant over 
the range of speeds of rotation used in the present tests. By taking into 
consideration the slippage factor and the dimensions of the bowl it was 
calculated that the factor which converted bowl rotations per second to 
cruising speed in feet per minute was 122. 





Fic. 1. Drawing of chamber used in determining the cruising speeds of fish. 
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The following procedure was used in each determination. The rotational 
speed of the chamber was gradually increased over a period of five minutes until 
the fish was just swept backwards by the current. Three consecutive trials 
separated by intervals of 1 minute were carried out on each individual fish. 
The critical speed was taken as the cruising speed and is, for each individual 
determination, the mean value from the three trials. Because of the differ- 
ences in techniques of finding the critical velocity from which the cruising 
speed is calculated, cruising speed values should be considered relative rather 
than absolute measures of activity. The cruising speed values obtained in 
the present investigation are lower than those found for this species by 
Graham (9). However, the cruising speed - water temperature curves of 
the present study are in agreement with respect to shape with those found 
by others working with S. fontinalis and other species (7, 8, 9, 18) and yield 
reproducible results. 

Sullivan (18) found a second maximum in the cruising speed of S. fontinalis 
in the zone of thermal resistance. In the present study the comparisons 
were made without reference to this secondary rise. However, the occurrence 
of the secondary rise was confirmed by additional determinations on three 
speckled trout acclimated to 10° C. Two of the three fish showed the second- 
ary peak at 23° C but all three had signs of distress at the conclusions of the 
tests and one died within twenty-four hours. 

The same procedure for acclimation and comparison was followed for the 
samples in cruising speed determinations as was used for the lethal tempera- 
tures. 

The influence of size on cruising speed was tested statistically and no 
relation could be demonstrated by a x? test. Thus it was probable that 
the experimental error was greater than any size effect in the number of 
individuals compared and no corrections were introduced for differences 


in size. 
Results 


Response to Lethal Temperatures 

The lethal temperature determinations are shown in Fig. 2, in which the 
logarithms of the geometric meen time to death are plotted against the 
corresponding test temperatures for the various acclimation levels. 

The upper panel shows the results for S. fontinalis. The corresponding 
points for the two geographic groups agree so closely that statistical tests 
were deemed unnecessary. The data also agree with previous determinations 
on Ontario speckled trout (6). 

Figure 2 also shows the thermal resistance of the two groups of S. alpinus 
at acclimations of 10°C and 20°C. Unlike the responses of S. fontinalis a 
pair of straight lines is required at each of the acclimation levels to describe 
the distribution of the two series of points. An application of the ‘‘t’’ test 
shows the difference between the respective pairs of regression lines to be 
highly significant. The separation between the lines of a pair amounts to 
about 0.5° C. 
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Fic, 2. The temperature resistance of the two geographic groups of each species at 
acclimation levels of 10 and 20°C respectively. 


This is the first report on the lethal temperatures of S. alpinus. The 
lethal temperatures of the two groups are the lowest yet reported among 
those of the Salmonidae with that of S. a. alpinus being just below that of 
the lake trout, S. namaycush (3, 8). 


The Effect of Water Temperature on Cruising Speed 

No consistent differences were found between the responses of the cruising 
speed to temperature in the geographic groups of either species. The relation- 
ship of cruising speed to water temperature was studied in two ways. In 
the first set of determinations the fish were first acclimated to 10° C and their 
cruising speeds measured over a series of temperatures. Since the time 
required to carry out a cruising speed determination on each individual fish 
never exceeded 15 minutes, the first approach deals essentially with the 
performance of 10-degree acclimated fish at temperatures throughout their 
biokinetic range. In the second set of determinations the fish were accli- 
mated to each temperature at which the cruising speed was measured. This 
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latter approach is useful from an ecological standpoint since from it can be 
obtained the temperature range over which the animals are most active when 
fully acclimated. 

The results are shown in Figs. 3 and 4. The results for S. fontinalis show 
somewhat of a separation but there is no consistency: The Chatsworth group 
tend to be lower in Fig. 3 and higher in Fig. 4. The two groups of S. alpinus 
show great uniformity in response; they even show the same departures from 
a smooth curve with temperature, as for example at 18°C in Fig. 3 and at 
10° C in Fig. 4. No explanation can be given for these anomalies but it is 
assumed that they are due to some uncontrolled factor in the experiment. 


Conclusions 


Hart (11) concluded, in his study of geographic variations of fresh-water 
fish, that there was no strong evidence in his material of the existence of 
physiological races within species. Any physiological differences he uncovered 
were accompanied by morphological differences that gave each group the 
rank of subspecies. The findings of the present investigation are similar to 
Hart’s observations. The two geographic groups of S. fontinalis which are 
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considered to be morphologically similar did not display any difference in 
their lethal temperatures or in the relation of cruising speed to water tem- 
perature. The geographic groups of S. alpinus, on the other hand, are con- 
sidered to be distinct subspecies and this classification is confirmed by the 
significant difference in their lethal temperature relations. 
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TWO NEW ‘sSPECIES OF DIAPTQMUS FROM ARCTIC AND ,;. 
SUBARCTIC:;CANADA (CALANOIDA, COPEPODA)! .’ 


’ Epwarp B. REED 


fk _ Abstract 


Diagnoses of two new species of fresh-water copepods are presented, Diaptomus ; 
wilsonae from ponds of the,Hudson. Bay lowlands,.and Diaptomus victoriaensis 
’ “ from tundra ponds on Victoria Island, N.W.T. ; 


Introduction 


The writer is engaged in a study of the ecology and taxonomy of North 
American arctic and subarctic fresh-water copepods. To facilitate this study, 
plankton nets were sent to Northern Service Officers, school teachers, and 
others living in far north localities. Scientific field parties working in remote 
areas have made many collections. In the examination of these collections, 
two diaptomids which cannot be assigned to known species have been en- 
countered. It is the purpose of this paper to present diagnoses of these 
animals. A discussion of their ecology is reserved for a future paper. 


Diaptomus wilsonae sp. nov. 

Diagnosis 

Female.—Length exclusive of caudal setae about 1.7 mm. Metasomal wings 
not greatly expanded; slightly asymmetrical, the left somewhat larger than 
the right, Fig. 1. Urosome of three segments, genital segment about equalling 
the following two plus the caudal ramus. Genital segment dilated anteriorly; 
slightly asymmetrical, bearing protrusions laterally which are tipped with 
sensilla, protrusion of the left side larger than that of the right, Fig. 2. Caudal 
rami adorned with hairs on inner margins. Antennules attain the posterior 
border of the genital segment, with two setae on segment 11, and one on seg- 
ments 13-19. Leg 5: endopodite indistinctly two-segmented and subequal 
to inner margin of the first exopodite segment, Fig. 3, terminating in a sharp 
tip bearing a few coarse hairs, and two setae, Fig. 4. Exopodite distinctly 
three-segmented, the spines of segment 3 subequal to each other. Spine of 
the second segment not exceeding the third segment, Fig. 5. Claw rather 
slender, bearing two marginal rows of spinules which increase in size distally. 

Male.—Length about 1.5-1.6 mm. Urosome of male symmetrical and 
five-segmented. Caudal rami with hairs on inner margins only. Left anten- 
nular setation as in the female. Spines of segments 10, 11, and 13 of the right 
antennule have these relative lengths, 16:26:37, Fig. 6. Segment 15 bears a 
spinous process at mid-length and 16 bears a short distally placed process 
which does not extend beyond the segment. Process of segment 23 is slender, 
sharp, and outcurved, extending about to the distal end of segment 24, Fig. 7. 


1Manuscript received May 9, 1958. 
Contribution from the Department of Biology, University of Saskatchewan; Saskatoon, 
Saskatchewan. of ay, res.4 
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Seta on segment 6 of the right antennule extends to segment 13. Leg 5: left 
coxa bearing a mesially and somewhat posteriorly protruding lobe, Fig. 8. 
Basipodite with a prominent mesially directed membranous or lamellar expan- 
sion. First segment of the left exopodite cylindrical, tapering; inner surface 
clothed with stout long hairs. Second exopodite segment about two thirds 
the length of the first (17:25 relative lengths of outer margins). Proximal 
pad bulging prominently and covered with long hairs. Spinules of distal 
pad arranged in rows in two groups, one terminal and one group on inner 
surface, Fig. 9. Distal process digitiform, blunt, and rather stout. The 
proximal process is a broad-based, sharp-pointed spinelike structure which 
protrudes beyond the inner surface of the distal pad. The right coxa is 
bilobed, the inner protruding mesially and the outer posteriorly and laterally. 
Basipodite cylindrical with relative proportions, 35:28:24 for inner margin, 
outer margin, and width respectively. Endopodite of one segment, exceeding 
exopodite 1 and acuminate, devoid of hairs or spinules. Relative proportions 
of exopodite 1: outer margin, inner margin, width are 27:12:20. The outer 
surface is produced in a distally directed lobe which overlaps the proximal end 
of exopodite 2. There is a small protrusion or sclerotization at the inner distal 
corner. Exopodite 2 cylindrical, inner border straight and outer margin 
weakly convex (inner margin 42, width 25). Lateral spine inserted slightly 
distad to center of segment; directed posteriorly and laterally so that it is not 
in the same plane as the segment; not quite as long as segment is wide. Claw 
moderately stout and symmetrically curved, subequal to, or slightly exceeding 
exopodite. Left leg extends somewhat beyond distal border of right exopodite 
1. First pair of legs, Fig. 10, spine on outer margin of exopodite 1 is about one 
half the length of segment 2. Spine of exopodite 3 subequal to outer margin 
of segment. The terminal spinous seta is about 3.5 times the segment length. 
The maxilliped, Fig. 11, is rather slender with relatively short and weakly 
developed setae on the terminal five segments, first segment with three well- 
developed lobes. 


Specimens Examined 
Three collections from rather widely separated localities on the lowlands 
southwest of Hudson Bay. 

Type lot: Several specimens of both sexes. Slough near Herriot Creek, 
22 miles south of Fort Churchill, Manitoba, July 9, 1957. G. West, col- 
lector. Holotype female, U.S.N.M. No. 101,397; allotype male, U.S.N.M. 
No. 101,398. 

Two collections from Caribou Lake area of northern Manitoba contained 
several specimens of both sexes, July 9, 1957; Prof. J. Ritchie, University of 
Manitoba, collector. 

Several specimens of both sexes from a bog pool at the Attawapiskat— 
Muketei River junction, northern Ontario, July 10, 1957; Dr. Sjérs, col- 
lector. Collection forwarded by Dr. A. E. Porsild, National Museum of 
Canada. 

The holotype and allotype animals were not dissected. The drawings used 
here are made from paratypes. 
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Remarks 

D. wilsonae is clearly referable to the subgenus Hesperodiaptomus, as defined 
by Light (2), on the basis of the structure of the female fifth legs, and the 
terminal segment of the left fifth leg of the male. D. wilsonae differs from any 
other known hesperodiaptomid in the pronounced lamellar expansion of the 
basipodite of the male left fifth leg. The arrangement of the spinules in 
groups on the terminal segment of the male left fifth exopodite suggests a 
relationship with the shoshone group within the subgenus; however, the pro- 
trusion of the right basipodite and the spinule on segment 15 of the male right 
antennule is suggestive of the etseni group. 

This distinctive species is named in honor of Mrs. Mildred Stratton Wilson. 

In the Fort Churchill collection Heterocope septentrionalis Juday & 
Muttkowski was the only calanoid copepod occurring with D. wilsonae. 
D. wilsonae was associated with Diaptomus pribilofensis Juday & Muttkowski 
and Epischura lacustris S.A. Forbes in the Caribou Lake ponds. Diaptomus 
leptopus S. A. Forbes and Diaptomus minutus Lilljeborg were taken along with 
wilsonae from the Attawapiskat bog pool. The occurrence of D. minutus in this 
habitat is in itself of considerable ecological interest. 


Diaptomus victoriaensis sp. nov. 
Diagnosis 

Female.—Length 2.2 to 2.7 mm. Metasome tapering from second segment 
to hind margin, Fig. 12. Wings of metasome segment 6 produced posteriorly 
but not laterally. Urosome three-segmented, the genital segment exceeding 
slightly the second and third segments plus caudal rami, which are ciliate on 
inner margins only. The genital segment, which is but little dilated anteriorly, 
bears prominent lateral protrusions tipped with sensilla, Fig. 13. Antennules 
stout, not quite attaining posterior border of metasome, segment 11 has two 
setae; segments 13-19, one seta. Exopodite of the fifth pair of legs is three- 
segmented, the third being indistinctly separated from the second, Fig. 14. 
Exopodite 1 cylindrical, diameter less than one half the length. Spine on outer 
margin of exopodite 2 small, not attaining one half the length of segment 3, 
which bears two stout spines, the larger twice the length of the smaller and 
armed with small spinules, Fig. 15. Claw of exopodite slender and armed with 
a row of relatively long spinules. Endopodite not equalling exopodite 1; 
furnished with two slender subequal setae which are about one fourth to one 
third shorter than the endopodite itself. 

Male.—Length about 2.6 mm. Urosome symmetrical. Left antennule as 
in the female. Right antennule, spines on segments 10, 11, and 13 have 
relative lengths of 20:34:20; all are slender, no spinous process on segment 15, 
but 16 carries distally a small spine, Fig. 16. Process of the 23rd segment is 
cylindrical, Fig. 17, tapering to a sharp point and considerably exceeding the 
terminal two segments. Leg 5: left coxa simple with convex outer margin; 
basipodite proximal margin about equal to length of segment with a mesio- 
posteriorly directed protrusion, Fig. 18. Exopodite 1 cylindrical, tapering, 
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about one third longer than outer margin of basipodite (35:26) and somewhat 
exceeding exopodite 2°(35:30). Distal process of exopodite 2 digitiform and 
blunt; the inner is a broad-based sharp spine which does not project beyond 
inner face of. the distal pad, Fig. 19. Distal pad a hemispherical bulge with 
unarranged spinules. Proximal pad not prominently developed and covered 
with hairs. . The :single-segmented endopodite exceeds exopodite 1 and is 
tipped with a few coarse hairs. Right coxa has a mesially directed lamellar 
expansion. Basipodite elongated and somewhat expanded distally, a cuti- 
cular process on the inner-proximal posterior corner. In posterior view the 
inner margin of exopodite 1 appears to be less than one half the length of the 
outer. This is partly due to the distally directed, pointed projection of the 
outer margin which overlaps exopodite 2, Fig. 20. Exopodite 2 is considerably 
flattened anteroposteriorly with a length—width ratio of 48:30. The lateral 
spine is subterminal and subequal to segment width. The claw is slender and 
angled in two planes, producing a sinuous effect. The base of the claw is little 
enlarged, and the inner margin is armed with rather prominent denticulations 
which increase in size distally. Claw subequal to exopodite. Endopodite 
two-segmented, terminating in a low raised projection surrounded by a half 
circle of conical spinules, Fig. 21. The maxilliped is moderately stout with 
well-developed setae and trilobed first segment. First pair of legs, Fig. 22, 
spine of first segment of exopodite two thirds the length of outer margin of 
segment 2. Outer terminal spine of segment 3 little more than one half the 
segment length. Terminal spinous seta strongly developed and slightly less 
than twice the length of the segment. 


Specimens Examined 

Type lot: Three males and four females. Tundra pond, Lady Franklin 
Point, Victoria Island, N.W.T., August 22, 1957, Jameson Bond, collector. 
Holotype male, U.S.N.M. No. 101,395; allotype female, No. 101,396. Draw- 
ings were prepared from dissected paratypes. Occurred with Diaptomus 
bacillifer Koebel. 


Remarks 

D. victoriaensis is referable to the subgenus Hesperodiaptomus and has an 
over-all morphological similarity to Diaptomus kisert Kincaid, particularly 
in the female genital segment and in the right exopodite of the male fifth leg. 
However, victoriaensis exhibits some pronounced differences. D. kiseri as it 
occurs in vernal pools of the Saskatoon area shows some variation from the 
description given by Kincaid (1). . No specimens from the type locality have 
been examined and it is with the Saskatchewan form that victoriaensis is 
compared. i | 

Male fifth legs—The proximal pad of the terminal segment of the left 
exopodite in kiseri bulges prominently, Fig: 23, and the inner process projects 
well beyond the surface of the distal pad. In victoriaensis the distal is the 
greater-developed pad and the inner process does not exceed the surface of 
the pad. The right exopodite of kiseri, Fig. 24, is more complex than that of 
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victoriaensis. The basipodite of kiseri bears two lamella on the inner margin, 
whereas the Victoria Island species has one. Exopodite 1 of victoriaensis is 
quite simple, but that of kiseri has a conical protuberance at the inner distal 
corner and two sclerotized lappets along the posterior distal margin. Exo- 
podite 2 is rather tumid in both species, but more so in kiserit. The inner and 
posterior surfaces of exopodite 2 in kiseri are marked by lightly sclerotized 
ridges. Ratios of length of exopodite 2 to width of segment to lateral spine 
are: for victoriaensis 53:31:30, for kisert 59:42:46. Distal to the insertion 
of the claw kiseri bears a short row of conical projections not found on 
victoriaensis. 

The number of setae on the segments of the antennules is the same for both 
species; however, the relative lengths of the major spines of the male geni- 
culate antennule are different. Spine 13 is the longest in kiseri, Fig. 25, but 
that of segment 11 is longest in victoriaensis. Kiseri has a strongly outcurved 
process on segment 23, Fig. 26, while that on victoriaensis is straight. 

The metasomal wings of the female kiseri project laterally, Fig. 27; in 
contrast, those of victoriaensis project posteriorly. There are differences in 
the fifth pair of legs of the females, those of kiser1, Fig. 28, being more heavily 
constructed. The degree of notching at the base of the spines of exopodite 3 
of kisert shown in Fig. 29 is somewhat greater than the average specimen ex- 
amined. A difference in the proportions among some parts of the exopodite of 
leg 1 is to be noted between kiseri and victoriaensis. In kisert, Fig. 30, the 
spine of exopodite 1 is less than one half the length of the outer margin of 
segment 2. The outer spine of segment 3 is well over one half of the segment 
length. The spinous terminal seta is more than two and one-half times the 
segment length. 


References 


1. Kincarp, T. A contribution to the taxonomy and distribution of the American fresh- 
water calanoid Crustacea. The Calliostoma Company, Seattle, Washington. 1953. 

2. Licut, S. F. New subgenera and species of diaptomid copepods from the inland waters 
of California and Nevada. Univ. Calif. Berkeley Publs. Zoél. 43, 67-78 (1938). 


EXPLANATION OF FIGURES 


Fics. 1-11. Diaptomus wilsonae sp. nov. Fic. 1: Female dorsal view. Fic. 2, Female 
urdésome and wings of metasome. Fic. 3. Female leg 5. Fic. 4. Tip of endopodite leg 5. 
Fic. 5. Segment 3 exopodite female leg 5. Fig. 6. Segments 10-16 male right antennule. 
Fic. 7. Process of segment 23 male right antennule. Fic. 8. Male fifth legs. Fic. 9. 

ment 2 exopodite male left leg 5. ght 10. Exopodite leg 1. _ Fic. 11. Maxilliped. 

IGS. 12-22. Diaptomus victoriaensis sp. nov. F1G. 12.. Female dorsal view. Fic. 13. 
Metasome wings and genital segment, female. Fic. 14. Female leg 5. Fic. 15. ment 3 
exopodite female leg 5. Fic. 16. Segments 10-16, male right antennule. 1G. 17. 
Process segment 23 male right antennule. Fic. 18. Male fifth legs. Fic, 19: Segment 2 
exopodite male left leg 5. Fic. 20. Lateral view of distally directed projection panei 1. 
male right leg 5. Fic. 21. Tip of of endopodite male right leg 5. Fic. 22, Leg 1 

Fics. 23-30. Diaptomus kiseri Kincaid. Fic. 23. Terminal segment left exopodite 
male leg 5. Fic. 24. Male fifth legs. Fic. 25. ments 10-16 male right antennule. 
Fic. 26. Process segment 23 male right antennule. Fic. 27. Female dorsal view. Fic. 28. 
Female leg 5. Fic. 29. Detail segment 3 female leg 5. Fic. 30. Exopodite leg 1. 


Note: Figs. 1-30 follow. 
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CONTRIBUTIONS TOWARD A REVISION OF THE GENUS ~ 
ATRICHOPOGON BASED ON CHARACTERS OF ALL STAGES | 
(DIPTERA, HELEIDAE)! 


A. B. EWEN? AND L. G. SAUNDERS*® 


Abstract 


The metamorphosis of 19 Atrichopogon species, 14 of which are described as 
new, is treated from a morphological point of view. Most of the characters that 
are employed in distinguishing adults of the species are of a quantitative nature 
and subject to great individual variation. Hence, we are forced to base the 
taxonomy to a great extent upon the immature stages; and yet at present the 
genus can be clearly separated from Forcipomyia only by adult characters. 
Three broad groups are distinguished on the basis of larval morphology. They 
are presented with the object of providing a foundation for the establishment 
of subgenera in the future when more material becomes available. 


Introduction 


Atrichopogon is a large genus of the subfamily Forcipomyinae of the family 
Heleidae (Ceratopogonidae). The adults of the family received very little 
attention until 1852 when Winnertz (26) published a monograph on the 
European species of the genus Ceratopogon. Most of the known American 
species were described by Coquillett from 1899 to 1905, and, like Winnertz, 
he included all of them in the genus Ceratapogon. Malloch (16) first proposed 
the recognition of the heleids as a family distinct from the Chironomidae 
(Tendipedidae), and our present diagnosis of generic limits was published 
by Edwards (5). 

Besides Kieffer’s (11) monograph on the French species and Edwards’ (5) 
on the British, the most significant contributions were made by the Belgian 
worker Goetghebuer (6, 7). A few species were described by Malloch (15) 
and also Johannsen (8), whose most significant contribution was his generic 
synopsis and check list of North American species in 1943 (9). In 1952 Wirth 
published an extensive treatise on the heleids of California and since that 
time has continued his work on some ectoparasitic forms (28, 29). 

-Relatively little is known of the immature stages of the genus. Descrip- 
tions of the early stages of some European species are provided by Miiller (20), 
Goetghebuer (6), Lenz (12, 13), and Mayer (17, 18). The developmental instars 
of American species have been described by Malloch (15), Thomsen (25), 
and Boesel and Snyder (2). However, these descriptions are very brief and, 
although they may distinguish the different larvae and pupae, are of little 
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value from a morphological point of view. By contrast, Nielsen (21) pub- 
lished an extensive work on the metamorphosis and biology of eight Danish 
species, with excellent and accurate descriptions and figures. 

Systematists have experienced difficulty both in identifying Atrichopogon 
species and in splitting the genus into manageable subgenera on the basis 
of adult characters. As pointed out by Edwards (5), Nielsen (21), and Wirth 
(27, 30), the imagines are very difficult to separate, offering no good, clear-cut 
character or combination of characters. Thus, Kieffer’s Gymnohelea, based 
on specimens that have lost all the macrotrichia of the wings, and Kempia, 
including forms that have pubescent eyes, are recognized as subgenera by some 
authors, but the characters are so variable that they become unworkable. In 
view of these difficulties we are forced to base the taxonomy to a great extent 
upon the developmental instars. Wirth’s subgenus Meloehelea (28), based 
on specimens that attack meloid beetles and have an unusually upcurved 
proboscis, can still be maintained. The immature stages of only one species, 
A. (Meloehelea) meloesugans Kieffer, are known, and it is hoped that the des- 
cription of the early stages of more species will help to determine the validity 
of the subgenus. 


Materials and Methods 


All species discussed in this work were reared from larvae. The bulk of 
the material was collected by the second author in many countries over many 
years. Five species were taken in localities around Saskatoon, Canada. 

Except for A. minutus (Meigen), A. fuscus (Meigen), A. polydactylus Neilsen, 
A. levis (Coquillett), and A. (Meloehelea) meloesugans Kieffer, our endeavors 
to identify the species failed to find full agreement with any existing descrip- 
tions. Hence, each species treated, except for those mentioned above, has 
been given a new name. 

Larvae occur chiefly in shaded localities where molds, bacteria, and algae 
are present as food: such situations as in algae covering moist soil along the 
edges of sloughs or streams, on partly submerged wood, or in moss growing on 
wood or soil. 

Larvae in moss or algae are extracted by means of a Berlese funnel. Visible 
larvae are removed on small slices of their substrate and placed in 1-in. by 
3-in. shell vials containing moist material from their natural environment. 
Here they continue their development, pupate, and emerge. After emergence, 
the flies are placed in dry vials until hardened, when their color should be 
recorded. Thecolor of the fresh larvae should also be described. 


Mature larvae are best killed in hot water to force out the pseudopods and 
anal papillae; they should be preserved with the pupal exuviae and imagines 
in 75% ethyl alcohol. 

In order to see clearly the morphological features, the larvae are treated for 
12-24 hours in a 10% KOH solution. The prothoracic pseudopod is first 
removed in order to draw it, and also to facilitate the entry of reagents. The 
cleared skin is then washed in several changes of water, stained in an alcoholic 
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Fic. 1. Atrichopogon spp. A, hypothetical een of genus; B-F, A. humi- 
colus. A, male genitalia; B, entire female; C, cells and veins of female wing; D, female 
scutellum, dorsal view; E, female antenna; F, female maxillary palpus, dorsal view. 
All illustrations by A. B, Ewen. 

ABBREVIATIONS: a3, third antennal segment; apb, basistylar apodeme; ar, basal arm 
of aedeagus; ba, basal arch of aedeagus; bst, basistyle; bir, basitarsus; cer, cercus of fe- 
male; cr, cercus of male; cs, caudolateral shoulder of aedeagus; dst, dististyle; hal, hal- 
tere; mp, mesal point of aedeagus; pal, maxillary palpus; pro, proboscis; scu, scutellum; 
sp, spermatheca; sv, secondary vein; éc, tibial comb; 9s#, ninth sternite. 
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solution of fast green, and stored in creosote oil. This. same peocedure is 
carried out on the male genitalia. The larval prothoracic pseudopod), whole 
female, male, and pupal skin are transferred directly from alcohol to creosote 
oil. The female, ‘head ‘is removed to facilitate examination of the maxillary 
palpi and antennae. | Also, in most cases, one wing is removed fromthe female 
and stained in the fast green solution. ° 

The! specimens are studied in creosote oil under the microscope using the 
sloping cover slip technique. Drawings are made with a camera lucida or a 
bioscdpe projector. All measurements are made under the microscope with 
the aid of an ocular micrometer. Finally, the specimens are transferred 
from creosote oil and mounted in Canada balsam for permanence. 

The terminology employed in the description of the cuticular processes 
and appendages of the developmental instars closely follows that used by 
Nielsen (21); imaginal terminology is based on Wirth (27); the wing venation 
(Fig. 1, C) is after Nielsen (21). Length of adults is measured from the 
anterior part of the mesonotum to the tip of the abdomen. Wing measure- 
ments are taken as length from the arculus of the media to the wing tip, and 
width as the greatest breadth. The tarsal ratio (abbreviated T.R.) is ob- 
tained by dividing the length of the hind basitarsus by the length of the 
second segment. The antennal ratio (A.R.) is the combined lengths of the 
last five flagellar segments to segments 3-10. 


Genus Atrichopogon Kieffer 


The adults of this genus are distinguished from those of Forcipomyia, the 
other large genus of the subfamily, by the long second radial cell, the absence 
or great reduction of macrotrichia on the wings, the large and conspicuous 
microtrichia, and the nature of the fringe on the posterior border of the wing. 

The following diagnosis is taken from Wirth’s ‘‘Heleidae of California’. 
The passages in italics are modifications made necessary by the inclusion of 
new species here. 


Diagnosis 


Adults.—Body short and stout, slightly hairy. Eyes pubescent or bare. 
Female antennae with last five segments cylindrical, much longer than seg- 
ments 3-10, which are globular or transverse, last segment usually with ter- 
minal style or nipple. Male antennae with weak verticels on segments 11-14, 
segment 11 not greatly lengthened. Mesonotum bare or with only short 
hairs. Legs slender with few or no hairs; end of foretibia usually with a 
setose anterior lobe; hind basitarsus always at least twice as long as the second 
segment. Wings broad, anal area more rounded than in Forcipomyia; micro- 
trichia well developed, macrotrichia less dense and finer and more erect. than 
in Forcipomyia and often confined to wing tip or absent, usually much reduced 
in male; costa usually reaching two thirds of wing length; second radial cell 
long, usually two to three times as long as the first; a conspicuous intercalary 
fork or folded fork in cell R;; cross vein nearly perpendicular; median fork 
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with a stout stem, lower branch not or scarcely interrupted at base; anal vein 
straight; allula and squama bare; fringe on posterior border composed of a 
single row of alternating long and short, simple, straight hairs. Female abdomen 
sometimes with a median appendage on the sixth or seventh sternite; one or two 
spermathecae. Male genitalia with short ninth sternite; tergite usually 
rounded, without processes; aedeagus usually simple, usually trilobed; para- 
meres (basistylar apodemes) small, usually hook-shaped. ‘ 

Immature stages—Larva with head capsule present; mouth parts well 
developed; pharyngeal skeleton with about six combs; pharyngeal angulus 
with bristles; anterior and posterior prolegs present; body segments oval in 
cross section; lateral processes of body often as long as segments; all body 
segments with short spines. Pupae with larval exuviae attached to last 
three segments; respiratory organ short, knob-like; body segments’ 2-7 
dissimilarly bristled; abdomen with branched or setaceous projections usually 
on the first five segments. 

With the present greatly increased number of species available in the 
immature stages, the following more detailed general description of larvae 
and pupae is possible. 


The Larva 

Atrichopogon larvae are small, varying in length from 1 mm to4_ mm. The 
body usually appears flattened as the sides of the segments often protrude into 
lateral processes. 

The head is hypognathous. The larval eye is a prominent dome. placed 
anterodorsally on the side of the sclerotized head capsule (Fig. 2, B,C). Below 
and slightly behind the eye is a flattened, hyaloid dome. The most prominent 
features of the head are the big, spur-like antennae rising from upwardly 
directed antennal socles* placed laterodorsally on the head. The frontal 
suture runs laterodorsally on the head from the posterior margin to a point 
medial to the antennal socle. .The frons thus makes up the greater portion of 
the dorsal surface of the head. Other sutures are not found and the clypeus 
and distal part of the frons are not separated from the epicranium (Nielsen 
(21)).. The anterior and lateral surfaces of the head are covered with an 
irregular sculpture, which often appears as fine nodules or ridges. The dorsal 
surface usually has five longitudinal rows of rounded nodules. 

Eleven pairs of setae are commonly found on the head capsule situated as 
in Fig. 2, C (numbered after Nielsen (21)), and four pairs of sensory pits occur 
on the head as follows: pit a, behind seta 2; pit 6, between the larval eye and 
the frontal suture; pit c, between setae 5 and 8; pit d, below seta 6. These 
setae and pits can be homologized with those described by Saunders (22) in 
Forcipomyia: seta 1 = x; seta2 = ¢; seta3 = q; seta4 = p; seta5 = w; 
seta 6 = u; seta 7 lacking in Forcipomyia; seta8 = 0; seta9 =v; seta10 = 
seta 11 = y; pits a and 6 = pits z and r; pits c and d lacking in Forcipo- 
myia. In Saunders’ recent paper (24) on Forcipomyia, it.is clear that seta ¢ is 


‘The term ‘“‘socle”’ has been adopted: from Nielsen's paper (21) as being a valid and concise 
name for the hitherto nameless antennal base. 
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Fic. 2. Atrichopogon spp. A, A. humicolus; B-F, hypothetical representative. of 
genus. A, last larval segment, ventral view; B, larval head, dorsal view; C, larval head, 
lateral view; D, first and second abdominal segments of larva, dorsal view; E, same, lateral 
view; F, head and thorax of pupa, dorsal view. 

ABBREVIATIONS: ap, anal papillae; apf, posterior process of frons; as, antennal socle; 
dop, dorsoanal process; ecp, epicranial process; fp, frontal process; fs, frontal suture; 
ldp, anvutount process; mdp, mediodorsal process; prh, prothoracic respiratory horn; 
a-f, body setae of larva; m1-m6, thoracic processes of pupa; pa—pd, sensory pits of larval 
head; 1-11, setae of larval head. 
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much farther forward on the head than is seta 3 in Atrichopogon, and that 
seta g is not an ocular seta but is placed on the front of the face. This accounts 
for the discrepancy between the comparison of the setae and pits given here 
and that given by Nielsen (21). 

Abdominal segments I to VIII usually appear flattened owing to the exten- 
sion of the sides into lateral processes, although these are not pronounced in 
some species. Three additional pairs of processes may be present on these 
segments, located as follows: a mediodorsal pair and a laterodorsal pair, both 
slightly anterior to the lateral process, and a dorsoanal pair at the base of 
the lateral process (Fig. 2, D, E). 

Six pairs of setae are usually found on the dorsal and lateral surfaces of 
abdominal segments I to VII, occurring as follows: seta a, apically on the 
mediodorsal process; seta 6, apically on the laterodorsal process; seta c, 
dorsally on the laterodorsal process, often extremely small; setae d, e, and f, 
on the lateral process, or, when this process is not obvious, on the lateral sur- 
face of the body (Fig. 2,D, E). Nielsen (21) describes seta d as apical, seta e 
as dorsal and subapical, and seta f as ventral and subapical, all placed on the 
lateral process. However, when the lateral process is not obvious, these 
three setae are difficult to distinguish as to placement. It is possible to homo- 
logize these setae with those described by Saunders (22) in Forcipomyia: 
setae a and 6 = a and 3b; setae d, e, and f = ¢, e, and f. 

The chaetotaxy of the metathorax is similar to that of the abdominal 
segments but there are usually only two lateral setae, and seta c is lacking 
(except in A. crinitus). The mesothorax, where the lateral process is com- 
monly much reduced or even lacking, usually has only two lateral setae and 
seta c often more highly developed than on the succeeding segments, appear- 
ing stub-like. The dorsoanal process is often lacking on the mesothorax even 
when it is present on the remaining segments. 

On the prothorax a lateral process is always lacking and the three lateral 
setae are widely spaced, the dorsal one being close to the laterodorsal seta (6). 
Seta c is lacking on the prothorax (except in A. crinitus). The laterodorsal 
and dorsoanal processes are usually present. Two pigmented sclerites usually 
occur on the laterodorsal surfaces of the segment. The prothoracic pseudopod 
is bilobed, each lobe bearing a varying number of backward-curved hooklets 
arranged in two transverse rows; those in the posterior row are dark-colored 
and stout, those in the anterior row, hyaline and slender. 

On the eighth abdominal segment seta c is always lacking and there are 
usually only two lateral setae. A pair of pigmented sclerites may be present, 
similar to those on the prothorax. 

Some larvae also have distinctive elliptical, smooth areas on the mesothorax 
and abdominal segments I to VII, placed between the mediodorsal setae. 
Nielsen (21) believes that these areas have a respiratory function. 

The ninth abdominal segment is cylindrical in shape, with its dorsal sur- 
face covered by an unpaired sclerite. The posterior end of the segment carries 
a pair of protrusible anal papillae and the anal pseudopod, which bears two 
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transverse rows of a varying number of hooklets, curved forward and vent- 
rally; those in the anterior row are hyaline and slender, those in the posterior 
row, dark-colored and stout (Fig. 2, A). The chaetotaxy of the segment is 
very distinctive. There is a pair of well-developed setae on the posterior 
corners of the dorsal sclerite; laterally and ventrally, the posterior margin 
usually bears a row of setae, seven on each side; one or two other pairs of 
setae occur anteriorly on the ventral and lateroventral surfaces of the segment; 
dorsally and anteriorly on the dorsal sclerite, there is often a pair of small 
processes, usually unbranched. 

The ventral surface from the prothorax to the seventh abdominal segment 
usually carries four pairs of setae per segment; the eighth usually has only 
three pairs of ventral setae. 

With the exception of the sclerites and respiratory areas mentioned, the 
body surface of the larva is membranous, and the greater part is covered with 
slender spinules or nodules, longest on the ventral surface. 


The Pupa 

Like the larvae, the pupae are small, the largest being about 4 mm long. 
The body is broad throughout the head, thorax, and anterior abdominal seg- 
ments, tapering towards the posterior end. On the dorsal surface of the head 
and thorax there is a Y-shaped line of weakness in the cuticle. The shaft of 
the “‘Y”’ stretches the full length of the pro- and meso-thorax; that part of 
the ‘“‘Y’’ that occurs on the head corresponds to the frontal and coronal sutures 
(Nielsen (21)). 

Dorsally, the head is separated from the thorax by a distinct furrow. The 
frons carries a pair of anterior setae each placed on a small process (Fig. 2, 
F, fp), and there is usually a low, unpaired posterior process (apf). On the 
epicranium, a small seta, placed on a low process (ecp), usually occurs near the 
middle of the frontal suture on each side. No boundary is seen between the 
pro- and meso-thorax. However, the large respiratory horn is generally con- 
sidered as belonging to the prothorax in nematocerous pupae (Nielsen (21)). 
The respiratory horn may appear boot-shaped, flattened, or cylindrical, 
depending on the aspect. It carries in a curving row a varying number of 
spiracular papillae on the posterior side. 

The dorsum of the thorax is furnished with six pairs of cuticular processes, 
as shown in Fig. 2, F. The processes decrease in size posteriorly, and may vary 
greatly in shape. Processes 1 and 2 carry an apical, spur-like seta. The 
metathorax is bisected by the posterior median point of the mesothorax which, 
however, never overlaps the first abdominal segment as in most Forcipomyia 
pupae (Saunders (24)). 

Abdominal segments I to V usually carry a lateral seta on each side, placed 
apically on a lateral process. These processes are often covered with spinules, 
but may bear branched spines thus forming digitate structures (Fig. 5, E). 
A small mediodorsal seta, placed apically on a small process, is also usually 
found on each side of the median line of these segments. 
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On the ventral surface, abdominal segments I, II, and VIII usually carry a 
pair of setae; segments III to VII usually bear three pairs of ventral setae. 

Segment IX terminates with a pair of diverging and tapering processes, 
variable in shape, and covered with small stout spinules, directed forward. 
The sheaths of the male genital appendages are ventral and protrude slightly 
beyond the tip of the abdomen. 


Description of Species 


Atrichopogon humicolus Ewen, new species 

Larva.—Length about 2.8 mm. Body color middle brown, head dark. 
Head: eye large, raised above surface, set high; seta 10 developed as bristly 
stub, other setae simple; antennal socle shorter than width at base (Fig. 3, D). 
Body segments: (Fig. 3, A, B, C) setae a and 6 on prothorax to eighth abdom- 
inal; seta con mesothorax to seventh abdominal; setae d, e, and f on prothorax 
and abdominal segments I to VII, about 0.75 the length of segment, one of the 
three lacking on meso- and meta-thorax and eighth abdominal; short medio- 
dorsal process and small laterodorsal process on prothorax to eighth abdominal; 
dorsoanal process developed on prothorax only; paired pigmented sclerites 
on laterodorsal surfaces of prothorax; respiratory areas on mesothorax and 
abdominal segments I to VII. Prothoracic pseudopod deeply cleft, each lobe 
with a posterior row of six hooklets and an anterior row of four (Fig. 3, E); 
anal pseudopod with an anterior row of five pairs of hooklets and a posterior 
row of four pairs (Fig. 2, A). 

Pupa.—(Fig. 3, F) Length about 2.2mm. _ Exuviae pale yellowish. Frontal 
and epicranial processes small, setae short, spur-like. Thoracic processes 3, 
5, and 6 reduced to inconspicuous nodes; processes 1, 2, and 4 styliform, 
covered basally with short spinules; process 2 very short. Lateral processes 
of abdominal segments I to V small, boot-shaped, ending apically in a stout 
seta; mediodorsal processes very short, setae short, simple. Rudimentary 
respiratory areas on dorsum of abdominal segments I to VII. Respiratory 
horn broad, slightly boot-shaped, bearing about 10 spiracular papillae in 
separate groups over top (Fig. 3, G). 

Female.—Length about 1.5 mm. T.R. 3.00—3.06; A.R. 2.19-2.29. Wing 
1.1by0.4mm. Face, proboscis pale; eyes black, pubescent above and below; 
antennae dusky. Thorax dark brown with light-brown scutellum. Halteres 
cream-colored. Abdomen brown above, pale beneath. Scutellum with four 
long marginal bristles and four much shorter ones (Fig. 1, D). One sperma- 
theca, globular, tapering to neck (Fig. 3, H). Third palpal segment scarcely 
swollen, bearing a sunken, cylindrical sensory pit (Fig. 3, I). Wings with 
macrotrichia present distally in cells R, to A, and along veins 74 to a; micro- 
trichia fine; first radial cell narrow, about a fourth as long as the second 
(Fig. 1, B, C). 

Male.—Length about 1.8mm. Wing 1.2 by 0.5 mm; macrotrichia absent. 
Color similar to that of female. Genitalia: ninth sternite bearing four long 
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Fic. 3. Altrichopogon humicolus. A, entire larva, dorsal view; B, first and second 
abdominal segments of larva, dorsal view; C, same, lateral view; D, larval head, lateral 
view; E, prothoracic pseudopod of larva, ventral view; F, pupa, dorsal view; G, pupal 
respiratory horn, dorsal view; H, spermatheca; I, third palpal segment of female, dorsal 
view; J, male genitalia, ventral view. 
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setae, posterior margin deeply emarginate; ninth tergite rounded; basi- 
styles and dististyles slender, basistyles not attaining posterior tip of ninth 
tergite, dististyles tapered with apices pointed and incurved; aedeagus with 
basal arms slender, basal arch low and broad, posterior arch broadly rounded, 
caudolateral shoulders broad; basistylar apodemes crescent-shaped (Fig. 3, J). 

Holotype.—Larva, Saskatoon, Canada, September 9, 1955, from algae cover- 
ing moist, shaded soil at margin of slough (No. 6628, Canadian National 
Collection, Ottawa). 

Paratypes—Many larvae, females, males, and associated pupal exuviae, 
same data as holotype. Paratypes deposited in Canadian National Collec- 
tion, Ottawa, and United States National Museum, Washington, D.C. 

This species is one of those in which the larvae have median, unpaired 
respiratory areas on the dorsum of the mesothorax and the first seven abdo- 
minal segments. Other significant features in the larva are the stub-like 
head seta 10 and the dorsoanal process on the prothorax only. The pupa is 
distinguished by the thoracic processes and the arrangement of the spiracular 
papillae of the respiratory horn. The chaetotaxy of the wing and scutellum 
are the best features in the female. In the male genitalia, the very deep 
emargination of the ninth sternite and the shape of the aedeagus are distinctive, 
as is also the relative scarcity of setae borne along the posterior margin of the 
sternite. 


Atrichopogon corpulentus Ewen, new species 
Larva.—Length about 2.9 mm. Body color yellow-brown, head middle 
brown. Head: eye large, raised above surface, set high; all setae simple, 
setae 7 and 10 long; antennal socle slightly shorter than width at base (Fig. 4, 
C). Body segments: (Fig. 4, A, B) setae a and 6 on prothorax to eighth 
abdominal; seta c on mesothorax to seventh abdominal; setae d, e, and f on 
prothorax only, two of the three lacking on mesothorax to eighth abdominal, 
about 0.75 the length of segment; short mediodorsal process and well-developed 
laterodorsal process on prothorax to eighth abdominal; lateral process ex- 
panded into a finger-like lobe on mesothorax to eighth abdominal, covered 
with long, slender spinules on anterior and posterior surfaces; dorsoanal process 
on prothorax and metathorax to eighth abdominal, very small on prothorax, 
well developed and covered with stout spinules on remaining segments, lacking 
on mesothorax; paired pigmented sclerites on laterodorsal surfaces of pro- 
thorax and eighth abdominal; respiratory areas on mesothorax and abdominal 
segments I to VII. Anterior abdominal segments about four times as broad 
as long. Prothoracic pseudopod barely cleft, each lobe with a posterior row 
of eight hooklets and an anterior row of two (Fig. 4,D); anal pseudopod with 
an anterior row of five pairs of hooklets and a posterior row of four pairs. 
Pupa.—(Fig. 4, F) Length about 2.1mm. Frontal and epicranial processes 
short, setae short, spur-like. Thoracic process 3 apparently lacking; process 
4 forward-bent with small spines on its posterior surface; process 5 styliform 
with small spines along its distal half; process 2 very short. Lateral processes 
of abdominal segments I to 1V large and many-branched, lacking on segment V; 
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mediodorsal processes lacking; mediodorsal and lateral setae short, simple, 
on segments I to IV only. Rudimentary respiratory areas on dorsum of 
abdominal segments I to VII. Respiratory horn narrow, with angular base, 
bearing about 12 spiracular papillae in continuous row over top. (Fig. 4, E). 

Female.——Length about 1.8 mm. T.R. 2.82; A.R. 1.68-1.72. Wing 1.4 
by 0.4mm. Face, proboscis pale; eyes black, pubescent above and below; 
antennae ocherous. Thorax dark brown with light-brown scutellum. Hal- 
teres creamy-white. Scutellum with four long marginal bristles and about 
14 much shorter ones. One spermatheca, globular, tapering abruptly to neck 
(Fig. 4, G). Third palpal segment slightly swollen below, bearing a sunken, 
cylindrical sensory pit (Fig. 4, 1). Wings with a few macrotrichia present 





Fic. 4. Atrichopogon corpulentus. A, anterior and posterior regions of larva, dorsal 
view; B, first and second larval abdominal segments, lateral view; C, larval head, lateral 
view; D, larval one pseudopod, ventral view; E, pupal respirato! horn; F, 
pupa; G, spermatheca; H, female wing; I, third palpal segment of female; J, male 
genitalia 

ABBREVIATIONS: dop, dorsoanal process; /dp, laterodorsal process. 
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distally in cells Ry and M,, and along veins 75, m1, m3+4, cu, and cue; micro- 
trichia fine; first radial cell broad, about a third as long as the second 
(Fig, 4, H). 

Male.—Length about 2.0mm. Wing 1.4 by 0.4 mm; macrotrichia absent. 
Color asin female. Genitalia: ninth sternite bearing five long setae, posterior 
margin deeply emarginate; ninth tergite rounded; basistyles and dististyles 
slender, basistyles exceeding posterior tip of ninth tergite, dististyles tapering 
to sharp point; aedeagus with basal arms slender, basal arch low and broad, 
posterior arch broadly rounded, caudolateral shoulders moderate; basistylar 
apodemes crescent-shaped (Fig. 4, J). 

Holotype-—Larva, Nanaimo, Canada, July 22, 1926, on stones in stream 
(No. 6629, Canadian National Collection, Ottawa). 

Paratypes.—Fifteen larvae, three 2 9, five oo’, and associated pupal 
exuviae, same data as holotype.. Paratypes deposited in Canadian National 
Collection and U.S.N.M. 

The most distinctive feature of the larva is the very broad body segments, 
hence the name. Other significant features in the larva are the dorsoanal 
processes, the large lateral processes, and the respiratory areas. The pupa is 
distinguished by the processes of the thorax and abdomen. The female is 
difficult to separate from other species; the reduction of the macrotrichia of 
the wings, chaetotaxy of the scutellum, and globular spermatheca may be 
useful characters. The deep emargination of the ninth sternite, with the 
five setae, and the crescent-shaped basistylar apodemes are distinctive in the 
male genitalia. 


Atrichopogon caribbeanus Ewen, new species 

Larva.—Length about 2.4 mm. Color (preserved) light orange-brown; 
head dark brown. Head: eye large, raised above surface, set high; all setae 
simple, setae 7 and 10 long, seta 4 plumose; antennal socle nearly twice as 
long as width at base (Fig. 5, B). Body segments: (Fig. 5, A, D) setae a and 6 
on prothorax to eighth abdominal, seta 6 plumose; seta ¢ on mesothorax to 
seventh abdominal, well developed on mesothorax; setae d, e, and f on pro- 
thorax and abdominal segments I to VII, 0.50 to 0.75 the length of the seg- 
ment, one of the three lacking on meso- and meta-thorax and eighth abdominal; 
short mediodorsal process and well-developed laterodorsal process on pro- 
thorax to eighth abdominal; dorsoanal process on prothorax and metathorax 
to eighth abdominal, well developed and covered with stout spinules, lacking 
on mesothorax; paired pigmented sclerites on laterodorsal surfaces of pro- 
thorax and eighth abdominal; respiratory areas on mesothorax and abdominal 
segments I to VII. Prothoracic pseudopod deeply cleft, each lobe with a 
posterior row of eight hooklets and an anterior row of two (Fig. 5, C); anal 
pseudopod with an anterior row of five pairs of hooklets and a posterior row 
of four pairs. 

Pupa.—(Fig. 5, E) Length about 1.7 mm. Exuviae pale yellowish. Pro- 
cesses on frons and epicranium well developed, covered with branched spines, 
setae spur-like. Thoracic processes styliform, covered with branched spines, 
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Fic. 5.. Atrichopogon caribbeanus. A, anterior and posterior regions of larva;  B, 
larval head; C, larval prothoracic pseudopod, ventral view; D, first and second larval 
abdominal segments, lateral view; E, pupa; F, pupal respiratory horn; G, spermatheca; 
H, female wing; I, third palpal segment of female; J, male genitalia. 
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process 2 very short. Lateral processes of abdominal segments I to V well 
developed, covered on anterior and posterior surfaces with many-branched 
spines, setae spur-like; mediodorsal setae on small processes on first five 
abdominal segments. Rudimentary respiratory areas on dorsum of abdominal 
segments I to VII. Respiratory horn slightly boot-shaped, bearing about 
12 spiracular papillae in a continuous row up back and over top (Fig. 5, F). 

Female.—Length about 1.2 mm. T.R. 3.13-3.57; A.R. 2.04-2.13. Wing 
0.9by 0.4mm. Face, proboscis medium brown; eyes black, pubescent above 
and below; antennae medium brown. Thorax dark brown above, pale 
beneath, with light-brown scutellum. Halteres white; abdomen light brown. 
Scutellum with four long marginal bristles and eight much shorter ones. One 
spermatheca, subspherical, with a short neck (Fig. 5, G). Third palpal seg- 
ment scarcely swollen, with a sunken, oval sensory pit (Fig. 5, I). Wings 
with macrotrichia confined to apices of cells Ry and M;, and along veins 
14, Ts, M1, M344, and cu,; microtrichia coarse; first radial cell narrow, about a 
third as long as the second (Fig. 5, H). 

Male.—Length about 1.3mm. Wing 0.9 by 0.4 mm.; macrotrichia absent. 
Color asin female. Genitalia: ninth sternite bearing four long setae, posterior 
margin deeply emarginate; ninth tergite rounded; basistyles and dististyles 
slender, basistyles attaining posterior tip of ninth tergite, dististyles gradually 
tapering to pointed, incurved apices; aedeagus with basal arms slender, basal 
arch fairly deep, caudolateral shoulders moderate, median lobe with cap-like 
apex; basistylar apodemes hook-like, short (Fig. 5, J). 

Holotype.—Larva, Tobago, B.W.I., May 31, 1953, on wood in stream (No. 
6630, Canadian National Collection, Ottawa). 

Paratypes.—Five larvae, five 2 2, two oo’, nine associated pupal exuviae, 
same data as holotype. Paratypes deposited in Canadian National Collec- 
tion and U.S.N.M. 

The long antennal socle, simple head setae, respiratory areas, and dorsoanal 
processes are the most characteristic features of the larva. The pupa is 
distinguished by the development of the branched processes on the thorax and 
abdomen, and the arrangement of the spiracular papillae of the respiratory 
horn. In the female, the coarse microtrichia and the reduction of the macro- 
trichia of the wings are useful characters, as is also the chaetotaxy of the scutel- 
lum. In the male genitalia, the emargination of the ninth sternite, with the 
four long setae, and the shape of the basistylar apodemes are the best char- 
acters; the aedeagus, basistyles, and dististyles are close to those of 
A. corpulentus. 


Atrichopogon obscurus Ewen, new species 

Larva.—Length about 2.3 mm. Color (preserved) dull brown; head med- 
ium brown. Head: eye set high, large; seta 10 developed as a short stub, 
other setae simple, seta 7 very long, setae 3 and 4 plumose; antennal socle 
more than twice as long as width at base (Fig. 6, B). Body segments: (Fig. 
6, A, D) setae a and 6 on prothorax to eighth abdominal, seta b plumose; 
seta ¢c on mesothorax to seventh abdominal, well developed on mesothorax; 
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setae d, e, and f on prothorax and abdominal segments I to VII, 0.50 to 0.75 
the length of segment, one of the three lacking on meso- and meta-thorax and 
eighth abdominal; short mediodorsal process and well-developed laterodorsal 
process on prothorax to eighth abdominal; dorsoanal process on prothorax to 
eighth abdominal, well developed and covered with stout spinules; paired 
pigmented sclerites on laterodorsal surfaces of prothorax and eighth abdominal ; 
respiratory areas on mesothorax and abdominal segments I to VII. Pro- 
thoracic pseudopod with moderate cleft, each lobe with a posterior row of eight 
hooklets and an anterior row of two (Fig. 6, C); anal pseudopod with an an- 
terior row of five pairs of hooklets and a posterior row of four pairs. 
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Fic. 6. Atrichopogon obscurus. A, anterior and posterior regions of larva; B, larval 
head; C, larval prothoracic pseudopod, ventral view; D, first and second larval abdominal 
segments, lateral view; E, pupal respiratory horn; F, pupa; G, third palpal segment of 
female; H, spermatheca; I, female wing. 
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Pupa.—(Fig. 6, F) Length about 2.0 mm. Color (exuviae) pale brown. 
Processes on frons and epicranium well developed, covered with branched 
spines, setae spur-like. Thoracic process 3 reduced to inconspicuous node, 
others styliform, covered on anterior and posterior surfaces with many-branched 
spines. Lateral processes of abdominal segments I to V well developed, 
covered on anterior and posterior surfaces with many-branched spines, setae 
spur-like; mediodorsal setae of abdominal segments I to V placed on small, 
branched processes. Rudimentary respiratory areas on dorsum of abdominal 
segments I to VII. Respiratory horn cylindrical, bearing about 12 spiracular 
papillae in a semicircle around the extremity (Fig. 6, E). 

Female.—Length about 1.4mm. T.R. 2.75-2.88; A.R. 1.74-1.81. Wing 
0.9 by 0.4mm. Face, proboscis ocherous; eyes black, pubescent above and 
below; antennae yellow-brown. Thorax dark brown above, pale brown be- 
neath, with light-brown scutellum. Halteres white. Abdomen grey-brown. 
Scutellum with four long marginal bristles and six much shorter ones. One 
spermatheca, subglobular, with a short, tapered neck (Fig. 6, H). Third 
palpal segment stout, with a sunken, oval sensory pit (Fig. 6,G). Wings with 
macrotrichia confined to apices of cells Ry and M,, and along veins 1r4, 75, m1, 
M344, and cu; microtrichia fine; first radial cell broad, about a third as long 
as the second (Fig. 6, I). 

Holotype-—Larva, Mayaguez, Puerto Rico, February 25, 1953, on wet, 
dead leaves bordering stream (No. 6631, Canadian National Collection, 
Ottawa). 

Paratypes.—Two larvae, three 2 92, one associated pupal exuvia, same data 
as holotype. Paratypes deposited in Canadian National Collection. 

This species is distinguished from the others in which the larvae have the 
respiratory areas by the presence of well-developed dorsoanal processes on all 
segments save the last. The long antennal socle and head seta 7, plumose 
head setae 3 and 4, and stub-like head seta 10 are other distinctive larval 
characters. The pupa is distinguished from A. caribbeanus by the reduced 
thoracic process 3 and the arrangement of the spiracular papillae of the res- 
piratory horn. The reduction of the macrotrichia and the fine microtrichia 
of the wings, the chaetotaxy of the scutellum, and the shape of the third palpal 
segment are the most distinctive characters in the female. 


Atrichopogon remigatus Ewen, new species 

Larva.—Length about 6.3 mm. Color dark reddish brown, head dark 
brown. Head: eye small, slightly raised above surface; all setae simple, 
setae 4 and 7 fairly long, seta 10 represented by two close-set, slender bristles 
of equal length; antennal socle half as long as width at base (Fig. 7,C). Body 
segments: (Fig. 7, A, D) setae a and 6 on prothorax to eighth abdominal; 
seta c on mesothorax to seventh abdominal, stub-like on mesothorax; setae d, 
e, and f on prothorax and abdominal segments I to VII, up to 0.75 the length 
of segment, one of the three lacking on meso- and meta-thorax and eighth 
abdominal; low mediodorsal process and small laterodorsal process on pro- 
thorax to eighth abdominal; lateral process well developed on mesothorax to 
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eighth abdominal, ‘‘fringed’”’ with long, slender spinules; dorsoanal process 
lacking; paired pigmented sclerites on laterodorsal surfaces of prothorax and 
eighth abdominal. Prothoracic pseudopod deeply cleft, each lobe with a 
posterior row of 10 hooklets and an anterior row of 3 (Fig. 7, B); anal pseudo- 
pod with an anterior row of about 25 pairs of hooklets and a posterior row of 
about 22 pairs. 


ahah iddidhiididdihda MTA 
eed. coe aah 
a 
< 


Ci 
eS 





Fic. 7. Atrichopogon remigatus. A, anterior and posterior regions of larva; B, larval 
prothoracic pseudopod, ventral view; C, larval head; D, first and second larval abdominal 
segments, lateral view; E, pupal respiratory horn; F, pupa; G, spermatheca; H, third 
palpal segment of female; I, female wing; J, male genitalia. 
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Pupa.—(Fig. 7, F) Length about3.4mm. Exuviaereddishbrown. Frontal 
and epicranial processes short, setae spur-like. Thoracic and abdominal pro- 
cesses well developed, abdominal processes each with a spur-like seta, on seg- 
ments I to V. Terminal processes of last abdominal segment diverging at 
right angles. Respiratory horn stout-stemmed with only a slightly swollen 
knob, bearing about 26 spiracular papillae in a continuous, curving row up 
back and over top (Fig. 7, E). 

Female.—Length about 3.0 mm. T.R. 2.73-2.90; A.R. 1.93-2.00. Wing 
2.0 by 0.6 mm. Face, proboscis light brown, antennae dusky; eyes black, 
bare. Thorax middle brown above, light brown below, with light-brown 
scutellum. Halteres white. Abdomen light brown. Scutellum with four 
long marginal bristles and about 20 much shorter ones. One spermatheca, 
elliptical, tapering gradually to neck (Fig. 7,G). Third palpal segment slightly 
swollen, bearing a sunken, oval sensory pit (Fig. 7,H). Wings with first radial 
cell broad, about a third as long as the second; macrottichia present distally 
in cells R; to A, and along veins m; toa; microtrichia coarse;. (Fig. 7, I). 

Male.—Length about 2.9mm. Wing 1.9 by 0.5 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 24 long setae, 
posterior margin slightly emarginate; ninth tergite rounded; basistyles and 
dististyles slender, basistyles slightly exceeding posterior tip of ninth tergite, 
dististyles tapering gradually to pointed, incurved apices; aedeagus with 
basal arms slender, basal arch low and broad, caudolateral shoulders rounded, 
median point with cap-like apex; basistylar apodemes. inverted T-shaped © 
(Fig. 7, J). 

Holotype.—Larva, Petropolis, Brazil, July 27, 1923, on wet sticks over 
stream (No. 6632, Canadian National Collection, Ottawa). 

Paratypes——Many specimens, all stages, same data as holotype. Para- 
types deposited in Canadian National Collection and U.S.N.M. 

The large, fringed lateral processes of the larva are the most distinctive 
feature; the ‘‘twinned’’ head seta 10 and the low antennal socle are other 
reliable characters. The pupa is simple and hard to distinguish from other 
species; the very divergent terminal processes of the abdomen are the best 
character. The broad first radial cell of the wing, the third palpal segment, and 
the chaetotaxy of the scutellum are distinctive in the female, as is the shape of 
the aedeagus and basistylar apodemes in the male genitalia. 


Atrichopogon maculosus Ewen, new species 

Larva.—Length about 4.2 mm. Color grey-brown, head dark brown. 
Head: eye small, slightly raised above surface; all setae simple, seta 4 small, 
seta 7 very short, seta 10 represented by two close-set, slender bristles, dorsal 
one shorter; antennal socle about half as long as width at base (Fig. 8, D). 
Body segments: (Fig. 8, A, C) setae a and 6 on prothorax to eighth abdominal; 
seta c on mesothorax to seventh abdominal; setae d, e, and f on prothorax and 
abdominal segments I to VII, about half as long as segment, one of the three 
lacking on meso- and meta-thorax and eighth abdominal; mediodorsal and 
laterodorsal processes small, on prothorax to eighth abdominal; lateral process 
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well developed on first to seventh abdominal segments, small on meso- and 
meta-thorax and eighth abdominal; dorsoanal process lacking; paired pig- 
mented sclerites on laterodorsal surfaces of prothorax and eighth abdominal. 
Prothoracic pseudopod deeply cleft, each lobe with a posterior row of 10 
hooklets and an anterior row of 3 (Fig. 8, B); anal pseudopod with an anterior 
row of 9 pairs of hooklets and a posterior row of 8 pairs. Three small pigment 
spots on dorsum of abdominal segments I to VII, one lateral to each medio- 
dorsal process, and one between the mediodorsal processes; a similar spot in 
front of each mediodorsal process on eighth abdominal. 


Fic. 8. Atrichopogon maculosus. A, entire larva; B, larval prothoracic pseudopod, 
ventral view; C, first and second larval abdominal segments, lateral view; D, larval 
head; E, pupal respiratory horn; F, pupa; G, third palpal segment of female; H, sperma- 
theca; I, female wing; J, male genitalia. 
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Pupa.—(Fig. 8, F) Length about 3.1mm. _ Frontal and epicranial processes 
small, setae simple. Thoracic and abdominal processes all well developed, 
covered with small spinules, abdominal processes bearing a stout, spur-like 
seta apically, on segments I to V. Pigment spots on dorsum of abdominal 
segments I to VII; one lateral to each mediodorsal process on the first segment, 
one lateral to each and one between the mediodorsal processes on segments II 
to V, one median dorsal spot on segments VI and VII. Respiratory horn 
cylindrical, with about 34 spiracular papillae arranged in an S-shaped row, the 
anterior part of which eventually bends across the dorsal side of the tube to 
continue proximally on the posterior side (Fig. 8, E). 

Female.—Length about 2.2 mm. T.R. 2.51; A.R. 1.99-2.00. Wing 1.7 
by 0.7 mm. Face, proboscis, and antennae middle brown; eyes black, bare. 
Thorax shining black-brown above, middle brown below, with cream-colored 
scutellum. Halteres white. Abdomen pale with dark markings on dorsal 
surface. Scutellum with four long marginal bristles and about 16 much shorter 
ones. One spermatheca, globular, gradually tapering to neck (Fig. 8, H). 
Third palpal segment swollen, bearing a sunken, globular sensory pit (Fig. 8, G). 
Wings with first radial cell broad, about a third as long as the second; macro- 
trichia present distally in cells R; to A, and along veins rs to a; microtrichia 
fine (Fig. 8, I). 

Male.—Length about 2.5mm. Wing 1.8 by 0.7 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 24 long setae, 
posterior margin almost transverse; ninth tergite rounded; basistyles and 
dististyles slender, basistyles exceeding posterior tip of ninth tergite, dististyles 
tapering to rounded apices; aedeagus with basal arms slender, basal arch 
broad, caudolateral shoulders narrow, median point with broad, cap-like apex; 
basistylar apodemes crescent-shaped (Fig. 8, J). 

Holotype.—Larva, Saskatoon (Beaver Creek), Canada, August 25-28, 1955, 
above water line on partly submerged wood (No. 6633, Canadian National 
Collection, Ottawa). 

Paratypes.—Many larvae, six 9 9, two o’c’, and associated pupal exuviae, 
same data as holotype. Paratypes deposited in Canadian National Collec- 
tion and U.S.N.M. 

The larva of this species has many features in common with the larva of 
A. remigatus; the pigment spots, lateral processes, and anal pseudopod show 
distinctive characteristics. The spiny processes and the arrangement of the 
spiracular papillae of the respiratory horn are reliable characters in the pupa. 
Color, chaetotaxy of scutellum, and shape of spermatheca are the most dis- 
tinctive features in the female. The shape of the basistylar apodemes and the 
low basal arch of the aedeagus are useful characters in the male genitalia. 


Atrichopogon saundersi Ewen, new species 

Larva.—Length about 4.7 mm. Color (preserved) light grey, head dark 
brown. Head: eye small, slightly raised above surface; all setae simple, 
setae 4 and 7 very short, seta 10 represented by two close-set, slender bristles, 
dorsal one shorter; antennal socle about half as long as width at base (Fig. 9, D). 
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Fic. 9. Altrichopogon saundersi. A, anterior and posterior regions of larva; B, larval 

rothoracic pseudopod, ventral view; C, first and second larval abdominal segments, 
aunt view; D, larval head; E, pupal respiratory horn; F, pupa; G, third palpal segment 
of female; H, spermatheca; I, female wing; J, male genitalia. 
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Body segments: (Fig. 9, A, C) setae @ and 6b on prothorax to eighth 
abdominal; seta c on mesothorax to seventh abdominal; setae d, e, and f on 
prothorax and abdominal segments I to VII, about 0.75 the length of segment, 
one of the three lacking on meso- and meta-thorax and eighth abdominal; 
mediodorsal and laterodorsal processes small, on prothorax to eighth abdom- 
inal; lateral process well developed on metathorax to eighth abdominal, small 
on mesothorax; paired pigmented scleiites on laterodorsal surfaces of pro- 
thorax and eighth abdominal. Prothoracic pseudopod deeply cleft, each lobe 
with a posterior row of 10 hooklets and an anterior row of 3 (Fig. 9, B); anal 
pseudopod with an anterior row of 9 pairs of hooklets and a posterior row of 
8 pairs. 

Pupa.—(Fig. 9, F) Length about 3.0mm. Exuviae middle brown. Frontal 
and epicianial processes small, setae simple. Thoracic process 5 reduced to 
an inconspicuous node, others well developed. Mediodorsal and lateral 
processes of abdominal segments I to V short, setae short, spur-like. Pig- 
ment spots on ‘‘shoulders’”’ of first six abdominal segments. Respiratory horn 
cylindrical, bearing about 45 spiracular papillae arranged in a broad S-shaped 
figure, as in A. maculosus (Fig. 9, E). 

Female.—Length about 2.3 mm. T.R. 2.55-2.65; A.R. 1.62-1.80. Wing 
1.5 by 0.6 mm. Face, proboscis medium brown, antennae pale brown; eyes 
black, bare. Thorax dark brown, shining, with light-brown scutellum. 
Halteres cream-colored. Abdomen pale with dark markings on dorsal sur- 
face. Scutellum with 4 long marginal bristles and about 14 much shorter 
ones. One spermatheca, elliptical, tapering gradually to neck (Fig. 9; H). 
Third palpal segment distinctly swollen, bearing a sunken, oval sensory pit 
(Fig. 9,G). Wings with first radial cell narrow, about a fourth as long as the 
second; macrotrichia present distally in cells R; to A, and along veins 13 to a; 
microtrichia fine (Fig. 9, I). 

Male.—Length about 2.3mm. Wing 1.6 by 0.6 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 19 long setae, 
posterior margin almost transverse; ninth tergite rounded; basistyles and 
dististyles slender, basistyles exceeding posterior tip of ninth tergite, disti- 
styles tapering abruptly to pointed and incurved apices; aedeagus with basal 
arms slender, basal arch very low and broad, posterior arch broadly rounded, 
caudolateral shoulders broad, median point with cap-like apex; basistylar 
apodemes L-shaped (Fig. 9, J). 

Holotype-—Larva, Mayaguez, Puerto Rico, March 27, 1953, on wood in 
stream (No. 6634, Canadian National Collection, Ottawa). 

Paratypes.—One larva, three 2 9, three oc’, five associated pupal exuviae, 
same data as holotype. Paratypes deposited in Canadian National Collection. 

The larva differs from A. maculosus in not having the pigment spots of that 
species. The head setae and well-developed lateral processes are other depend- 
able larval characters. The reduced thoracic process 5 is the best character 
in the pupa; the number and arrangement of the spiracular papillae of the 
respiratory horn and the abdominal pigment spots are other useful characters. 
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The third palpal segment is distinctive in the female, as is also the chaetotaxy 
of the scutellum. The almost straight posterior margin of the ninth sternite, 
the very low basal arch of the aedeagus, and the shape of the basistylar 
apodemes are distinctive in the male genitalia. 


Atrichopogon bifidus Ewen, new species 

Larva.—Length about 4.5mm. Color (preserved) golden-brown, head dark 
brown. Head: eye small, slightly raised above surface; all setae simple, 
setae 4 and 7 short, seta 10 represented by two close-set, slender bristles, dorsal 


Fic. 10. Altrichopogon bifidus. A, anterior and posterior pens of larva; B, first and 


second abdominal segments of larva, lateral view; C, larval prothoracic pseudopod, ventral 
view; D, larval head; E, pope respiratory horn; F, pupa; G, spermatheca; H, third 
pailpal segment of female; I, female wing; J, male genitalia. 
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one shorter; antennal socle about half as long as width at base (Fig. 10, D). 
Body segments: (Fig. 10, A, B) setae a and } on prothorax to eighth abdominal; 
seta c on mesothorax to seventh abdominal, well developed on mesothorax; 
setae d, e, and f on prothorax and abdominal segments I to VII, about as long 
as the segment, one of the three lacking on meso- and meta-thorax and eighth 
abdominal; mediodorsal and laterodorsal processes small, on prothorax to 
eighth abdominal; dorsoanal process lacking; paired pigmented sclerites on 
laterodorsal surfaces of prothorax and eighth abdominal. Prothoracic pseudo- 
pod with a moderately deep cleft, each lobe with a posterior row of 10 hooklets 
and an anterior row of 3 (Fig. 10, C); anal pseudopod with an anterior row of 
11 pairs of hooklets and a posterior row of 4 pairs. 

Pupa.—(Fig. 10, F) Length about 3.2mm. Exuviae light brown. Frontal 
and epicranial processes small, setae simple. Thoracic and abdominal pro- 
cesses all well developed, abdominal setae developed as stout spurs on seg- 
mentsI to V. Faint pigment spots on “‘shoulders” of abdominal segments I to 
V. Terminal processes of last abdominal segment diverging at right angles. 
Respiratory horn stout, slightly boot-shaped, with a continuous curving row 
of about 25 spiracular papillae up back and over top (Fig. 10, E). 

Female.—Length about 2.4mm. T.R. 2.22-2.59; A.R. 1.63. Wing 1.5 
by 0.7 mm. Face, proboscis, and antennae middle brown; eyes black, bare. 
Thorax dark brown, shining, with creamy scutellum. MHalteres white. 
Abdomen middle brown with dark markings on dorsal surface. Scutellum 
with 4 long marginal bristles and about 26 much shorter ones. One sperma- 
theca, globular, tapering to neck (Fig. 10,G). Third palpal segment swollen, 
bearing a sunken, cylindrical sensory pit (Fig. 10, H). Wings with macro- 
trichia present distally in cells R; to A, and along veins r, to a; microtrichia 
coarse; first radial cell broad, about a third as long as the second (Fig. 10, I). 

Male.—Length about 2.5mm. Wing 1.6 by 0.7 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 24 long setae, 
posterior margin almost transverse; ninth tergite rounded, faintly bilobed; 
basistyles and dististyles slender, basistyles exceeding posterior tip of ninth 
tergite, dististyles gradually tapering to pointed and incurved apices; aedeagus 
about as broad as long, basal arms long and slender, basal arch low and broad, 
caudolateral shoulders broad, median point with cap-like apex; basistylar 
apodemes L-shaped, long (Fig. 10, J). 

Holotype.—Larva, Nictheroy, Brazil, July 31, 1923, above water line on 
partly submerged bamboo (No. 6635, Canadian National Collection, Ottawa). 

Paratypes.—Three larvae, two 2 9 , and one a’, five associated pupal exuviae, 
saine data as holotype. Paratypes deposited in Canadian National Collection. 

The most useful characters in the larva are the long body setae and the 
relatively short, unfringed body processes. The head setae and the absence 
of the abdominal pigment spots distinguish the larva from those of A. saundersi 
and A. maculosus' respectively. The spiracular papillae of the respiratory 
horn and the very divergent terminal processes of the last abdominal segment 
distinguish the pupa from A. saundersi and A. maculosus, but the pupa is 
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almost identical with that of A. remigatus. The third palpal segment, color, 
and chaetotaxy of the scutellum are fair characters in the female. The 
“‘bilobed’’ ninth tergite is the most useful character in the male genitalia; 
the shape of the basistylar apodemes and the almost transverse posterior margin 
of the ninth sternite are also useful. 


Fic. 11. Altrichopogon flavus. A, entire larva; B, larval head; C, larval prothoracic 

seudopod, ventral view; D, pupal respiratory horn; E, pupa; F, third palpal segment of 
Leconte: G, spermatheca; H, female wing; I, male genitalia. 

ABBREVIATIONS: par, paramere. 
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Atrichopogon flavus Ewen, new species 

Larva.—Length about 3.4 mm. Color golden-yellow, head dark brown. 
Head: eye large, raised above surface; seta 10 short, stub-like, other setae 
simple, seta 7 long; antennal socle as long as width at base (Fig. 11, B). Body 
segments: (Fig. 11, A) setae a and } on prothorax to eighth abdominal, seta a 
borne on basal part of laterodorsal process on prothorax, on a short medio- 
dorsal process located just inside the base of the laterodorsal process on re- 
maining segments; seta c apparently absent; setae d, e, and f on prothorax 
and abdominal segments I to VII, up to 0.75 as long as segment, one of the 
three lacking on meso- and meta-thorax and eighth abdominal; laterodorsal 
process well developed on prothorax to eighth abdominal, at least as long as 
the segment, tapered, perhaps functioning as a tracheal gill, covered on an- 
terior surface with small spinules; laterodorsal processes on pro- and meso- 
thorax with an additional stub-like seta; dorsoanal process well developed on 
prothorax to eighth abdominal, covered with stout, branched spines. Pro- 
thoracic pseudopod barely cleft, each lobe with a posterior row of three hook- 
lets and a single, very small anterior hooklet (Fig. 11, C); anal pseudopod with 
an anterior row of four pairs of hooklets and only one median pair behind. 

Pupa.—(Fig. 11, E) Length about 1.7 mm. Exuviae middle brown. 
Frontal processes long, setae spur-like; epicranial setae simple, processes very 
small. Thoracic processes 3 and 6 lacking, others well developed, long, and 
tapering. Mediodorsal processes on first abdominal segment only, setae 
lacking; lateral processes and setae on first three abdominal segments only. 
Respiratory horn broad, slightly boot-shaped, with a U-shaped row of about 
16 spiracular papillae at tip (Fig. 11, D). 

Female.—Length about 1.7 mm. T.R. 2.53-2.56; A.R. 1.16-1.21. Wing 
1.0 by 0.4mm. Face, proboscis light brown, antennae middle brown; eyes 
black, pubescent above and below. Thorax dark brown, shining, with dark- 
brown scutellum. Halteres white. Abdomen pale with dark markings on 
dorsal surface. Scutellum with two long marginal bristles and four much 
shorter ones. One spermatheca, globular, tapering gradually to neck (Fig. 11, 
G). Third palpal segment swollen, bearing a sunken, elongate sensory pit 
(Fig. 11, F). Wings with first radial cell broad, about two-fifths as long as 
the second; macrotrichia confined to extreme apex of cell Ry and vein my; 
microtrichia fine (Fig. 11, H). 

Male.—Length about 2.0mm. Wing 1.2 by 0.4 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing an irregular row of 
about 12 long setae, posterior margin almost transverse; ninth tergite ter- 
minating in a broad point; basistyles and dististyles long and slender, basi- 
styles exceeding posterior tip of ninth tergite by about one-quarter their length, 
dististyles tapering to pointed and incurved apices; aedeagus highly modified, 
basal arms long and incurved, basal arch low and with a forward-turned ventral 
lobe, caudolateral shoulders narrow, median point trilobed; basistylar apo- 
demes short, hook-like, apparently expanding into broad, plate-like parameres 
(Fig. 11, I). 
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Holotype——Larva, Saskatoon (Beaver Creek), Canada, October 8, 1955, 
from moss (No. 6636, Canadian National Collection, Ottawa). — 

Paratypes.—Five larvae, three 9 9, one o’, and associated pupal exuviae, 
same data as holotype; two larvae, one co’, one associated pupal exuviae, ex 
moss, Saskatoon (Sutherland Beach), Canada, June 6, 1956. Paratypes 
deposited in Canadian National Collection and U.S.N.M. 

The long laterodorsal processes, dorsoanal processes, stub-like head seta 10, 
long head seta 7, prothoracic, and anal pseudopods all are distinguishing 
features of the larva. The pupa is easily distinguished by the reduction in 
number of the thoracic and abdominal processes. The great reduction of the 
macrotrichia of the wings, the chaetotaxy of the scutellum, and the third 
palpal segment are useful characters in the female. The aedeagus of the male 
genitalia is unique. 


Fic. 12. Atrichopogon incultus. A, anterior region of larva; B, larval head; C, larval 
ow pseudopod, ventral view; D, pagel respiratory horn; E, pupa; F, third, 
ourth, and fifth palpal segments of female; G, spermatheca; H, female wing; I, male 
genitalia; J, aberrant pupal respiratory horn. 
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Atrichopogon incultus Ewen, new species 

Larva.—Length about 1.9 mm. Color (preserved) pale brown, head dark 
brown. Head: eye large, raised above surface; seta 10 short, stub-like, 
seta 6 represented by two close-set bristles, one long, one very short, other 
setae simple, seta 7 long; antennal socle slightly longer than width at base 
(Fig. 12, B). Body segments: (Fig. 12, A) setae a and b on prothorax to 
eighth abdominal, seta a borne on basal part of laterodorsal process; seta c 
apparently lacking; setae d, e, and f on prothorax to seventh abdominal, about 
0.75 as long as segment, one of the three lacking on eighth abdominal only; 
mediodorsal process lacking, laterodorsal process twice as long as segment, 
tapering, gill-like, covered with small nodules, on prothorax to eighth abdom- 
inal; dorsoanal process on prothorax to eighth abdominal, small, unbranched. 
Prothoracic pseudopod barely cleft, each lobe with a posterior row of three 
hooklets and two small anterior hooklets (Fig. 12, C); anal pseudopod with an 
anterior row of six pairs of hooklets and a posterior row of three pairs. 

Pupa.—(Fig. 12, E) Length about 1.2 mm. Color (exuviae) dark brown. 
Frontal processes short, setae spur-like; epicranial processes and setae lacking. 
Thoracic processes 3 and 6 lacking, others well developed, tapering. Abdom- 
inal segments without setae or processes. Respiratory horn cylindrical, with 
a curving row of about 9 spiracular papillae up back and over top (Fig. 12, D). 

Female.—Length about 0.9 mm. T.R. 2.41-2.78; A.R. 1.73-1.95. Wing 
0.6 by 0.3 mm. Face, proboscis pale brown, antennae middle brown; eyes 
black, pubescent above and below. Thorax light yellow-brown, subshining, 
with white scutellum. MHalteres white; abdomen pale brown. Scutellum 
with four long marginal bristles and two much shorter ones. One spermatheca, 
subglobular, tapering gradually to neck (Fig. 12,G). Third palpal segment 
swollen, bearing a sunken, hourglass-shaped sensory pit; fourth and fifth 
palpal segments fused (Fig. 12, F). Wings with first radial cell narrow, about 
a third as long as the second;. macrotrichia confined to extreme apex of cell 
R, and vein m;; microtrichia fairly coarse (Fig. 12, H). 

Male.—Length about 1.0mm. Wing 0.7 by 0.3 mm; macrotrichia absent. 
Color asin female. Genitalia: ninth sternite bearing seven long setae, poster- 
ior margin emarginate; ninth tergite terminating in a broad point; basistyles 
and dististyles long and slender, basistyles exceeding posterior tip of ninth 
tergite, dististyles tapering to pointed and incurved apices; aedeagus highly 
modified, as in Fig. 12, I; basistylar apodemes apparently lacking; no para- 
meres (Fig. 12, I). 

Holotype-—Larva, Siquirres, Costa Rica, June 6-9, 1956, from moss 
(No. 6637, Canadian National Collection, Ottawa). 

Paratypes.—Three larvae, four 9 2, two co’, five associated pupal exuviae, 
same data as holotype. Paratypes deposited in Canadian National Collection. 

A larva with long laterodorsal processes like A. flavus but differing from that 
species in many details of chaetotaxy. The complete absence of processes 
and setae from the pupal abdomen is so far unique. The very small size of 
the female and the fusion of the fourth and fifth segments of the maxillary 
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palpus are distinctive characters. The male genitalia are highly modified and 
offer many distinctive characters; the absence of basistylar apodemes is so 


far unique. 
Two pupal exuviae with a very modified respiratory horn (Fig. 12, J) 


were also seen. 


Atrichopogon longicornis Ewen, new species 

Larva.—Length about 2.5mm. Color (preserved) grey-brown, head black. 
Head: eye large, raised above surface; setae 7 and 10 stub-like, other setae 
simple; antennal socle nearly three times as long as width at base (Fig. 13, B). 
Body segments: (Fig. 13, A, C) seta a on mesothorax to eighth abdominal, 


Fic. 13. Aitrichopogon longicornis. A, anterior region of larva; B, larval head; C, 
first and second abdominal segments of larva, dorsal view; D, larval prothoracic pseudo- 
, ventral view; E, spermatheca; F, third palpal segment of female; G, female wing; 

, male genitalia. 
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seta 6 on prothorax to eighth abdominal; seta c apparently lacking; setae d, 
e, and f on prothorax to seventh abdominal, slightly shorter than length of 
segment, one of the three lacking on eighth abdominal only; short medio- 
dorsal process located just inside the base of the laterodorsal process on meso- 
thorax to eighth abdominal; laterodorsal process on prothorax to eighth ab- 
dominal, almost twice as long as segment, gill-like, covered with spinules on 
anterior and posterior surfaces basally; laterodorsal process of prothorax with 
two additional stub-like setae on anterior surface, corresponding, perhaps, to 
seta a of this segment; dorsoanal process well developed, covered with spinules, 
on prothorax to eighth abdominal. Prothoracic pseudopod barely cleft, 
each lobe with a posterior row of three hooklets and an anterior row of two 
(Fig. 13, D); anal pseudopod with an anterior row of four pairs of hooklets 
and a posterior row of two pairs. 

Female.—Length about 1.3 mm. T.R. 2.67—2.88; A.R. 1.82-1.86. Wing 
0.9 by 0.4 mm. Face, proboscis, and antennae middle brown; eyes black, 
pubescent above and below. Thorax black, shining, with dark-brown scutel- 
lum. Halteres light brown. Abdomen middle brown. Scutellum with four 
long marginal bristles and two much shorter ones. One spermatheca, ellip- 
tical, tapering gradually to neck (Fig. 13, E). Third palpal segment swollen, 
bearing a sunken, oval sensory pit (Fig. 13, F). Wings with first radial cell 
broad, about two-fifths as long as the second; macrotrichia confined to apex 
of cell M,; microtrichia moderately coarse (Fig. 13, G). 

Male.—Length about 1.6mm. Wing 0.9 by 0.4 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 12 long setae, 
posterior margin almost transverse; ninth tergite terminating in a broad 
point; basistyles and dististyles long and slender, basistyles slightly exceeding 
posterior tip of ninth tergite, dististyles tapering to pointed and incurved 
apices; aedeagus highly modified, basal arms short and stout, basal arch low 
and broad with a forward-turned ventral ‘“hood’’, caudolateral shoulders 
broad, posterior arch rounded ending in a U-shaped median point; basistylar 
apodemes short and stout (Fig. 13, H). 

Holotype.—Larva, Siquirres, Costa Rica, June 18, 1956, on rotting wood 
(No. 6638, Canadian National Collection, Ottawa). 

Paratypes.—One larva, two 9 2, two oc", same data as holotype. Para- 
types deposited in Canadian National Collection. 

The larva of this species has the long laterodorsal processes of A. flavus 
and A. incultus but can readily be distinguished by the chaetotaxy. The 
antennal socle is the longest yet seen in proportion to the size of the larval 
head. The almost complete absence of the macrotrichia of the wings and the 
chaetotaxy of the scutellum are distinctive in the female. As in A. flavus 
and A. incultus, the male genitalia are highly modified and have many useful 
characters. 


Atrichopogon (Meloehelea) meloesugans Kieffer 


In 1956 Wirth erected the subgenus Meloehelea to include those species in 
which the females attack meloid beetles. The females are characterized by 
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an unusually upcurved proboscis, a character which Wirth presumes to be 
adaptive to the feeding habit and possessed by no other species of the genus. 
The immature stages are described here for the first time. 

Larva.—Length about 3.2 mm. Color (preserved) dark reddish brown, 
head dark brown. Head: eye large, slightly raised above surface; seta 10 
developed as a stout stub, other setae simple, seta 4 plumose, seta 7 short; 
antennal socle about as long as width at base (Fig. 14, B). Body segments: 
(Fig. 14, A, C) setae a and 6 on prothorax to eighth abdominal; seta ¢ ap- 
parently lacking; setae d, e, and f on prothorax to seventh abdominal, about 
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Fic. 14. Altrichopogon (Meloehelea) meloesugans. A, anterior and posterior regions 
of larva; B, larval head; C, first and second abdominal segments of larva, lateral view; 
D, larval prothoracic pseudopod, ventral view; E, pupal respiratory horn; F, pupa; G, 
spermathecae; H, third palpal segment of female; I, female wing; J, male genitalia. 
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half as long as segment, one of the three lacking on eighth abdominal only; 
mediodorsal process up to half as long as segment, covered with stout spinules, 
on prothorax to eighth abdominal; laterodorsal process short, covered with 
stout spinules, on prothorax to eighth abdominal, with an additional long seta 
on mesothorax corresponding, perhaps, to seta c of this segment; dorsoanal 
process small, on prothorax and metathorax to eighth abdominal, covered with 
stout spinules; paired pigmented sclerites present on laterodorsal surfaces of 
prothorax and eighth abdominal. Prothoracic pseudopod deeply cleft, each 
lobe with a posterior row of four hooklets and an anterior row of two (Fig. 14,D); 
anal pseudopod with an anterior row of five pairs of hooklets and a posterior 
row of four pairs. 

Pupa.—(Fig. 14, F) Length about 2.1 mm. Exuviae yellowish brown. 
Frontal and epicranial processes well developed, unbranched, covered with 
small spinules, setae spur-like. Thoracic processes all well developed, styli- 
form, with small spinules along the distal halves. Mediodorsal and lateral 
processes of abdominal segments I to IV long and tapered, seiae long, stout 
spurs; processes extremely small and inconspicuous on segment V, setae lack- 
ing. Respiratory horn cylindrical, with a bend at base, bearing eight spira- 
cular papillae along the posterior side to the top (Fig. 14, E). 

Female.—Length about 1.7 mm. T.R. 2.14-2.45; A.R. 2.45. Wing 1.5 
by 0.5 mm. Face, proboscis pale brown, antennae dusky; eyes black, bare. 
Thorax dark orange-brown, subshining, with light-brown scutellum. Halteres 
white. Abdomen light brown. Proboscis long and distinctly upcurved. 
Scutellum with 4 long marginal bristles and about 10 much shorter ones. Two 
spermathecae, elliptical, gradually tapering to long necks (Fig. 14,G). Third 
palpal segment long and slightly swollen, bearing a sunken, oval sensory pit 
(Fig. 14, H). Wings hairy, with macrotrichia almost to base; microtrichia 
fine; first radial cell broad, about half as long as the second (Fig. 14, I). 

Male.—Length about 1.9 mm. Wing 1.3 by 0.4 mm; small number of 
macrotrichia confined to apex of cell R;. Color as in female. Proboscis 
upcurved asin female. Genitalia: ninth sternite bearing about 16 long setae, 
posterior margin emarginate; ninth tergite rounded; basistyles slender, 
slightly exceeding posterior tip of ninth tergite, dististyles broad at base and 
tapering to slightly incurved apices; aedeagus with basal arms slender, basal 
arch low and broad, caudolateral shoulders rounded but not prominent, apex 
broadly conical with a broad flattened cap; basistylar apodemes short, hook- 
like (Fig. 14, J). 

Material examined.—Eleven larvae, 4 2 2,1 co, 12 associated pupal exuviae, 
Strelly, Notts., England, November 3, 1922, on underside of rotting logs, coll. 
L. G. Saunders. Adults identified by W. W. Wirth. Material deposited in 
Canadian National Collection and U.S.N.M. 

The upcurved proboscis, very hairy wing, and two spermathecae are good 
distinguishing characters in the female. The whole male genitalia is prac- 
tically identical with that of A. minutus. The larva shows affinities with 
that of A. minutus; it has the same short head seta 7, and the same expanded 
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laterodorsal processes, but differs in the size of the mediodorsal processes, 
body setae, and other details of chaetotaxy. The pupa is the most character- 
istic stage, having processes and setae well developed on the first four abdom- 
inal segments only. 


Atrichopogon minutus (Meigen) 

The specimens at hand fit the descriptions of Kieffer (11), Edwards (5), 
and Wirth (27) very well. The immature stages are described here for the 
first time. 


Fic. 15. Atrichopogon minutus. A, anterior region of larva; B, larval head; C, first 
and second abdominal segments of larva, lateral view; D, larval prothoracic pseudopod, 
ventral view; E, ga respiratory horn; F, pupa; G, third segment of female palpus; 


H, spermatheca; female wing; J, male genitalia. 
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Larva.—Length about 2.5mm. Color (preserved) middle brown, head dark 
brown. Head: eye large, raised above surface; seta 10 developed as a stout 
stub, other setae simple, seta 7 short; antennal socle about as long as width at 
base (Fig. 15, B). Body segments: (Fig. 15, A, C) setae a and 6 on prothorax 
to eighth abdominal; seta c apparently lacking; setae d, e, and f on prothorax 
only, one of the three lacking on mesothorax to seventh abdominal, two of the 
three lacking on eighth abdominal, up to half as long as segment; mediodorsal 
process very small, laterodorsal process well developed, covered with spinules 
and with a spiny anterior lobe, with an additional bristly seta on the meso- 
thorax corresponding, perhaps, to seta c of this segment; dorsoanal process 
small, on prothorax to eighth abdominal, covered with spinules; paired pig- 
mented sclerites on laterodorsal surfaces of prothorax, abdominal VII and VIII. 
Prothoracic pseudopod deeply cleft, each lobe with a posterior row of five 
hooklets and an anterior row of three (Fig. 15, D); anal pseudopod with an 
anterior row of five pairs of hooklets and a posterior row of four pairs. 

Pupa.—(Fig. 15, F) Length about 1.8 mm. Exuviae pale yellowish. 
Frontal processes long, epicranial processes short, setae developed as stout 
spurs. Thoracic processes all well developed, styliform. Lateral and medio- 
dorsal processes of first five abdominal segments well developed, bearing a 
stub-like seta. Respiratory horn broad, distinctly boot-shaped, with a curving 
row of about 10 spiracular papillae up back and over top (Fig. 15, E). 

Female.—Length about 1.6 mm. T.R. 2.30-2.45; A.R. 2.00-2.11. Wing 
1.1 by 0.4 mm. Face, proboscis, and antennae middle brown; eyes black, 
bare. Thorax dark black-brown, shining, with dark-brown scutellum. Hal- 
teres white. Abdomen pale with dark markings on the dorsal surface. Scutel- 
lum with 2 long marginal bristles and about 10 much shorter ones. One 
spermatheca, subglobular, tapering to neck (Fig. 15, H). Third palpal seg- 
ment swollen, bearing a sunken, cylindrical sensory pit (Fig. 15, G). Wings 
with macrotrichia sparse, confined to apex of cell R, and along vein m; micro- 
trichia fine; first radial cell broad, about a third as long as the second 
(Fig. 15, I). 

Male.—Length about 1.4mm. Wing 1.1 by 0.4 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 11 long setae, 
posterior margin barely emarginate; ninth tergite rounded; basistyles and 
dististyles slender, basistyles not attaining posterior tip of ninth tergite, dist- 
istyles tapering to pointed and incurved apices; aedeagus with basal arch 
shallow, basal arms short, caudolateral shoulders moderate, median lobe with 
cap-like apex; basistylar apodemes short, hook-like (Fig. 15, J). 

Material examined.—Twenty-two larvae, 16 2 9, 4associated pupal exuviae, 
Lit. Abington, Cambs., England, August 27, 1924, under wood in swamp; 1 
larva, 1 9, 2 associated pupal exuviae, Truro, Canada, August 10, 1925, on 
bare, rotten wood; 15 larvae, 6 2 9, 11 oc’, 8 associated pupal exuviae, 
Nanaimo, Canada, July 22, 1926, on rotten wood in stream; 17 larvae, 3 9 9, 
3 oo’, 11 associated pupal exuviae, Victoria, Canada, August 26, 1947, on 
wood; 5 larvae, 4 9 9,3 oo’, 14 associated pupal exuviae, Victoria, Canada, 
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July 20, 1948; 5 larvae, 11 associated pupal exuviae, Victoria (Mt. Douglas 
ravine), Canada, August 12, 1948, on stones; coll. L.G. Saunders. Adults 
identified by F. W. Edwards. Material deposited in Canadian National 
Collection and U.S.N.M. 

The prominent boot-shaped laterodorsal processes constitute the out- 
standing feature of the larva; the dorsoanal processes and the reduction of 
the lateral body setae are other valuable characters. The shape of the res- 
piratory horn and the arrangement of the spiracular papillae are about the 
only useful characters in the pupa. The wings and scutellum offer the best 
features in the female, and the long ninth tergite is distinctive in the male 
genitalia. 


Atrichopogon inconspicuus Ewen, new species 


Larva.—Length about 1.8 mm. Color middle brown, head dark brown. 
Head: eye large, raised above surface; seta 10 developed as a stub, other 
setae simple, seta 4 plumose, seta 7 short; antennal socle about as long as 
width at base (Fig. 16, B). Body segments: (Fig. 16, A, D) setae a and b 
on prothorax to eighth abdominal, seta 6 plumose; seta c apparently absent; 
setae d, e, and f on prothorax only, one of the three lacking on mesothorax to 
seventh abdominal, two of the three lacking on eighth abdominal, less than 
half as long as segment; laterodorsal process of mesothorax with an addi- 
tional seta, bristly and stub-like, borne dorsally near the base, corresponding, 
perhaps, to seta c of this segment; short mediodorsal process and small latero- 
dorsal process on prothorax to eighth abdominal; dorsoanal process on pro- 
thorax to eighth abdominal, small; paired pigmented sclerites on laterodorsal 
surfaces of prothorax and eighth abdominal. Prothoracic pseudopod deeply 
cleft, each lobe with a posterior row of five hooklets and an anterior row of 
three (Fig. 16, C); anal pseudopod with an anterior row of five pairs of 
hooklets and a posterior row of four pairs. 

Pupa.—(Fig. 16, F) Length about 1.7 mm. Exuviae pale yellowish. 
Frontal and epicranial processes moderately long, setae spur-like. Thoracic 
processes all well developed, styliform, process 2 very long. Lateral and 
mediodorsal processes of abdominal segments I to V well developed, each 
bearing a stub-like seta apically. Respiratory horn broad, distinctly boot- 
shaped, bearing a U-shaped row of about 10 spiracular papillae at the distal 
end (Fig. 16, E). 

Female.—Length about 1.3 mm. T.R. 2.75-3.00; A.R. 1.86. Wing 0.9 
by 0.6mm. Face, proboscis, and antennae middle brown; eyes black, bare. 
Thorax dark brown, shining, with middle-brown scutellum. Halteres cream- 
colored. Abdomen pale with dark markings on the dorsal surface. Scutellum 
with two long marginal bristles and four much shorter ones. One spermatheca, 
globular, tapering to neck (Fig. 16,G). Third palpal segment slightly swollen, 
bearing a sunken, cylindrical sensory pit (Fig. 16, H). Wings with macro- 
trichia sparse, confined to apex of cell Ry and along vein m; microtrichia 
fine; first radial cell narrow, about a third as long as the second (Fig. 16, 1). 
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Male.—Length about 1.7mm. Wing 1.1 by 0.5 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 12 long setae, 
posterior margin emarginate; ninth tergite rounded; basistyles and disti- 
styles slender, basistyles not attaining posterior tip of ninth tergite, disti- 
styles tapering to pointed and incurved apices; aedeagus with basal arms 
slender, basal arch low and broad, caudolateral shoulders moderate, median 
point with cap-like apex; basistylar apodemes short, hook-like (Fig. 16, J). 


Fic. 16. Atrichopogon inconspicuus. A, entire larva; B, larval head; C, larval pro- 
thoracic pseudopod, ventral view; D, first and second larval abdominal segments, lateral 
view; E, pupal respiratory horn; F, pupa; G, spermatheca; H, third palpal segment of 
female; I, female wing; J, male genitalia. 
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Fic. 17. Atrichopogon tuberculatus. A, anterior region of larva; B, first and second 
abdominal segments of larva, lateral view; C, larval head; D, larval prothoracic pseudo- 
pod, ventral view; E, pupal respiratory horn; F, pupa; G, spermatheca; H, third seg- 
ment of female palpus; I, female wing; J, male genitalia. 
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Holotype.—Larva, Saskatoon, Canada, September 17-24, 1955, from algae 
covering moist, shaded soil (No. 6639, Canadian National Collection, Ottawa). 


Paratypes.—Eight larvae, 6 2 2, 3 oo’, 12 associated pupal’ exuviae, 
same data as holotype. Paratypes deposited in Canadian National Collec- 
tion and U.S.N.M. 

The most distinctive features of the larva are the absence of seta ¢ (except, 
perhaps, on the mesothorax) and the reduction in number of the lateral 
body setae. The stub-like head seta 10, plumose head seta 4 and seta 6 of 
body segments, and the dorsoanal processes are other valid larval characters. 
The respiratory horn distinguishes the pupa from A. minutus and its small 
size separates it readily from other species. The bristles of the scutellum and 
the shape of the palpus distinguish the female from A. minutus, as does also 
the shape of the aedeagus and basistylar apodemes of the male genitalia. 


Atrichopogon tuberculatus Ewen, new species 

Larva.—Length about 2.8 mm. Color yellow-brown to brown, head dark 
brown. Head: eye large, raised above surface; seta 10 developed as a stout 
stub, other setae simple, seta 4 long, seta 7 short; antennal socle at least 
twice as long as width at base (Fig. 17, C). Body segments: (Fig. 17, A, B) 
setae a and 6 on prothorax to eighth abdominal, seta a short, stub-like, seta 5 
long and plumose; seta c apparently lacking; setae d, e, and f on prothorax 
and abdominal segments I to VII, up to 0.75 as long as segment, one of the 
three lacking on meso- and meta-thorax and eighth abdominal; a very small 
additional lateral seta borne on ventral surface of base of laterodorsal process 
on first to seventh abdominal (Fig. 17, B); mediodorsal process short; latero- 
dorsal process about 0.75 as long as segment and with a spiny anterior lobe, 
covered with well-developed spinules, on prothorax to eighth abdominal, with 
an additional well-developed seta on mesothorax, corresponding, perhaps, to 
seta c of this segment; dorsoanal process on prothorax to eighth abdominal, 
well developed, and covered with stout spinules. Prothoracic pseudopod 
deeply cleft, each lobe with a posterior row of four hooklets and an anterior 
row of five (Fig. 17, D); anal pseudopod with an anterior row of five pairs of 
hooklets and a posterior row of four pairs. 

Pupa.—(Fig. 17, F) Length about 2.0mm. Color (exuviae) middle brown. 
Frontal processes fairly long, epicranial processes short; setae long. Thoracic 
processes all well developed, long. Mediodorsal processes of abdominal seg- 
ments I to V long, setae spur-like; small mediodorsal setae on very low pro- 
cesses on segments VI and VII; lateral processes on segments I to IV only, 
well developed, setae spur-like on segments I to IV, simple on segment V. 
Respiratory horn slightly boot-shaped, bearing about 11 spiracular papillae 
in a continuous row up back and over top (Fig. 17, E). 

Female.—Length about 1.2 mm. T.R. 2.83-3.13; A.R. 1.55. Wing 1.0 
by 0.4mm. Face, proboscis, and antennae middle brown; eyes black, pubes- 
cent above, bare below. Thorax dark brown with dark-brown scutellum and 
white halteres. Abdomen middle brown. Scutellum with four long marginal 
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Fic. 18. Altrichopogon levis. A, entire larva; B, larval head; C, first and second 
abdominal segments of larva, dorsal view; D, same, lateral view; E, larval prothoracic 
pseudopod, ventral view; F, pupa; G, pupal respiratory horn; H, third segment of female 
palpus; I, spermatheca; J, female wing; K, male genitalia. 
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bristles and two much shorter ones. One spermatheca, globular, tapering to 
neck (Fig. 17, G). Third palpal segment swollen, bearing a sunken oval 
sensory pit (Fig. 17, H). Wings with first radial cell narrow, about a third 
as long as the second; macrotrichia confined to apices of cells Ry and Mi, and 
along veins 74, 75, 1, M344; microtrichia fine (Fig. 17, I). 

Male.—Length about 1.2mm. Wing 1.0 by 0.3 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing eight long setae, pos- 
terior margin almost transverse; ninth tergite rounded; basistyles slender, 
exceeding posterior tip of ninth tergite, dististyles stout at base and tapering 
abruptly to pointed, incurved apices; aedeagus with basal arms slender, basal 
arch low and broad, caudolateral shoulders broad, median point with cap-like 
apex; basistylar apodemes hook-shaped (Fig. 17, J). 

Holotype.—Larva, Maracas, Trinidad, July 14, 1957, on rotting cacao 
leaves (No. 6641, Canadian National Collection, Ottawa). 

Paratypes.—Five larvae, one 9, three oc’, four associated pupal exuviae, 
same data as holotype. Paratypes deposited in Canadian National Collec- 
tion and U.S.N.M. 

The head and body setae and prothoracic pseudopod are especially dis- 
tinctive in the larvae; the body processes and antennal socle show other valu- 
able features. The armature of the pupal abdomen is so far unique. The 
chaetotaxy of the wings and scutellum and the high tarsal ratio are the best 
features in the female. The armature of the ninth sternite, the shape of the 
dististyles, and the short ninth tergite are useful characters in the male 
genitalia. 


Atrichopogon levis (Coquillett) 

The species was originally described by D. W. Coquillett (3) from a single 
female specimen. The first published information on the early stages was 
by Boesel and Snyder (2). The latter paper also includes an account of the 
biology, larval and pupal behavior, and habits of adults. 

For specimens of this species we are indebted to Dr. M. W. Boesel. The 
species is described and figured again to conform with others in the present 
paper. 

Larva.—Length about 2.5 mm. Color yellowish-brown to brown, head 
dark. Head: eye large, raised above surface; seta 10 developed as a stout 
spur, other setae simple, seta 4 plumose, seta 7 short; antennal socle about 1.5 
times as long as width at base (Fig. 18, B). Body segments: (Fig. 18, A, 
C, D) setae a and 6 on prothorax to eighth abdominal, seta a very short and 
stub-like, seta 6 almost as long as segment; seta c apparently lacking; setae 
d, e, and f on prothorax and abdominal segments I to VII, about two-thirds 
as long as segment, one of the three lacking on meso- and meta-thorax and 
eighth abdominal; mediodorsal process very small, laterodorsal process about 
0.75 as long as segment, gill-like and with a spiny anterior lobe, on prothorax 
to eighth abdominal; extremely small additional bristle borne on ventral 
surface of base of laterodorsal process on mesothorax to seventh abdominal 
(Fig. 18, D); laterodorsal process of mesothorax with an additional seta, well 
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developed, corresponding, perhaps, to seta c of this segment; dorsoanal process 
on prothorax to eighth abdominal, small, covered with spinules. Prothoracic 
pseudopod deeply cleft, each lobe with a posterior row of six hooklets and an 
anterior row of four (Fig. 18, E); anal pseudopod with an anterior row of six 
pairs of hooklets and a posterior row of five pairs. 

Pupa.—(Fig. 18, F) Length about 2.3 mm. Color dull yellow to brown. 
Frontal processes low, setae well developed; epicranial processes very small, 
setae short, simple. Thoracic process 3 reduced to an inconspicuous node, 
others well developed, covered with small spinules. Mediodorsal and lateral 
processes of abdominal segments I to IV well developed, short on segment V, 
setae stub-like. Respiratory horn slightly boot-shaped, bearing about 10 
spiracular papillae in a semicircle at the tip (Fig. 18, G). 

Female.—Length about 2.0 mm. T.R. 2.42-2.53; A.R. 1.81. Wing 1.7 
by 0.7 mm. Face, proboscis, and antennae middle brown; eyes black, pu- 
bescent above and below. Thorax dark brown, shining, with light-brown scutel- 
lum and white halteres. Abdomen middle brown. Scutellum with four long 
marginal bristles and apparently no short ones. One spermatheca, globular, 
tapering to neck, (Fig. 18, 1). Third palpal segment slightly swollen, bearing 
a sunken, oval sensory pit (Fig. 18, H).. Wings with first radial cell narrow, 
about a fourth as long as the second; macrotrichia confined to apices of cells 
Ri, Mi, and M,, and along veins 75, m1, m344, and cu; microtrichia fine 
(Fig. 18, J). 

Male.—Length about 2.2mm. Wing 1.8 by 0.7 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 10 long setae, 
posterior margin almost transverse; ninth tergite rounded; basistyles and 
dististyles slender, basistyles attaining posterior tip of ninth tergite, disti- 
styles tapering to pointed and incurved apices; aedeagus with basal arms 
slender, basal arch shallow and broad, caudolateral shoulders moderate, 
median point rounded with forward-turned ventral lobe; basistylar apodemes 
inverted T-shaped (Fig. 18, K). 

Material examined.—Many specimens, all stages, on algae on the surface of 
damp soil, Put-in-Bay, Ohio, U.S.A., coll. M.W. Boesel and E. G. Snyder. 
Material deposited in Canadian National Collection. 

The head and body setae and the laterodorsal processes are the most useful 
characters in the larvae; seta a and the additional lateral body seta are espe- 
cially distinctive. The pupa is much like that of many other species; the 
reduced thoracic process 3, the spiny thoracic and abdominal processes, and 
the respiratory horn offer distinguishing characters. Chaetotaxy of the wing 
and scutellum are distinctive in the female, and the aedeagus, basistylar 
apodemes, and armature of the ninth sternite are useful characters in the male 
genitalia. 


Atrichopogon fuscus (Meigen) 

The larva and pupa of this species were originally described by Goetghebuer 
in 1923. With regard to the genus of this species, Goetghebuer retains the 
name Kempia, claiming that it belongs to a distinct group with pubescent 
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eyes in the adult. However, Edwards (5) and Wirth (27) have found inter- 
mediate forms between Kempia and Atrichopogon and have sunk the former 
under the latter. Study of larvae and pupae show many points in common 
between the two, and no striking differences. 

For specimens of this species we are indebted to the late Dr..M. Goetghe- 
buer. The species is redescribed here and made uniform with others of this 
paper. 

Larva.—Length about 4.6 mm. Color (preserved) middle brown; head 
dark brown. Head: eye large, scarcely raised above surface; all setae simple, 
seta 7 long; antennal socle less than half as.long as width at base (Fig. 19; B). 


Fic. 19. : Atrichopogon fuscus. A, entire larva; B, larval head; C, first and second 
larval abdominal segments, dorsal view; D, larval prothoracic udopod, ventral view; 
E, pupal ey horn; F, pupa; G, spermatheca; H, female wing; I, third segment 


of female palpus; J, male genitalia. 
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Body segments: (Fig. 19, A, C) setae a and 6 on prothorax to eighth abdominal; 
seta c on mesothorax to seventh abdominal; setae d, e, and f on prothorax and 
abdominal segments I to VII, about two-thirds as long as segment, one of the 
three lacking on meso- and meta-thorax and eighth abdominal; mediodorsal 
and laterodorsal processes on prothorax to eighth abdominal, each about 
two-thirds as long as segment and protruding into a distally tapering tracheal 
gill; dorsoanal process small, on prothorax and metathorax to eighth abdo- 
minal, lacking on mesothorax; paired pigmented sclerites on laterodorsal 
surface of prothorax. Prothoracic pseudopod barely cleft, each lobe with a 
posterior row of 10 hooklets and an anterior row of 3 (Fig. 19, D); anal pseudo- 
pod with an anterior row of 6 pairs of hooklets and a posterior row of 5 pairs. 

Pupa.—(Fig. 19, F) Length about 3.7 mm. Abdomen light brown, thorax 
and head middle brown. Frontal and epicranial processes small, setae short, 
spur-like. Thoracic processes 3 and 6 reduced to inconspicuous nodes; process 
4 forward-bent, covered on the posterior surface with small spines. Lateral 
processes of abdominal segments I to IV large and many-branched, very small 
and simple on segment V; mediodorsal processes of abdominal segments I 
to V small; mediodorsal and lateral setae short, spur-like. Characteristic 
pigment spots on dorsum of abdominal segments I to VII, placed as in Fig. 19, 
F. Respiratory horn flattened, triangular, with the apex rounded, bearing 
about 34 spiracular papillae in a continuous row along the margin of the 
distal portion (Fig. 19, E). 

Female.—Length about 2.0 mm. T.R. 3.14-3.23; A.R. 2.31. Wing 1.7 
by 0.5mm. Face, proboscis, and antennae middle brown; eyes black, pubes- 
cent above and below. Thorax dark brown with light-brown scutellum and 
white halteres. Abdomen grey-brown. Scutellum with four long marginal 
bristles and about 20 much shorter ones. One spermatheca, elliptical, taper- 
ing to unsclerotized duct (Fig. 19, G). Third palpal segment cylindrical, 
bearing a sunken cylindrical sensory pit (Fig. 19,1). Wings with macrotrichia 
present distally in cells R; to A, and along veins 74, 75, 71, M344, Cui, and Cu2; 
microtrichia fine; first radial cell narrow, about half as long as the second 
(Fig. 19, H). 

Male.—Length about 2.2mm. Wing 1.7 by 0.5 mm.; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite about three times as broad as 
long, bearing about 12 long setae, posterior margin deeply emarginate; ninth 
tergite rounded; basistyles and dististyles broad, basistyles attaining pos- 
terior tip of ninth tergite, dististyles tapering gradually to rounded apices; 
aedeagus with basal arms slender, basal arch broad, caudolateral shoulders 
broad, median lobe with cap-like apex; basistylar apodemes crescent-shaped 
(Fig. 19, J). 

Goetghebuer (6) says that the larvae are truly aquatic, living in algae on 
the surface of ponds. The habitats are well described in the paper referred to. 

Material examined.—One larva, one 9, four oc’, five associated pupal 
exuviae, coll. M. Goetghebuer, no data. Material deposited in Canadian 
National Collection. 
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The larva is distinctive in having all the body processes and setae well 
developed and in having the laterodorsal and mediodorsal processes expanded as 
tracheal gills. These processes are very thin-walled and richly tracheated; 
thus there ‘‘cannot be much doubt . . . that we have to do with respiratory 
organs” (Nielsen, 21). The low antennal socle is also a useful character in 
the larva. The pupa is distinguished by the development of the thoracic and 
abdominal processes, the abdominal pigment spots, and the shape of the 
respiratory horn. The females are not easy to distinguish; the chaetotaxy of 
the wing and scutellum and the high tarsal ratio are the best characters. The 
deeply emarginate, wide ninth sternite, and the shape of the aedeagus and 
dististyles are distinctive in the male genitalia. 


Atrichopogon polydactylus Nielsen 

The specimens at hand fit the description of Nielsen (21) well, except for 
some minor details in the larva. The species is described and figured again to 
conform with others in the present paper. 

Larva.—Length about 4.9 mm. Color orange-brown, head dark. Head: 
eye set high, raised above surface; all setae simple, seta 7 short, seta 10 
represented by two close-set, slender bristles; antennal socle shorter than width 
at base (Fig. 20, B). Body segments: (Fig. 20, A, C) setae a and b on pro- 
thorax to eighth abdominal; seta ¢ on mesothorax to seventh abdominal; 
setae d, e, and f on prothorax and abdominal segments I to VII, about two- 
thirds as long as segment, one of the three lacking on meso- and meta-thorax 
and eighth abdominal; mediodorsal and laterodorsal processes extended into 
long, slender finger-like gills on mesothorax to eighth abdominal, small on 
prothorax; dorsoanal process very small on prothorax, lacking on remaining 
segments; lateral process well developed on metathorax to eighth abdominal, 
smaller on mesothorax; paired pigmented sclerites on laterodorsal surface of 
prothorax. Prothoracic pseudopod deeply cleft, each lobe with a posterior 
row of eight hooklets and an anterior row of four (Fig. 20, D); anal pseudopod 
with an anterior row of six pairs of hooklets and a posterior row of five pairs. 

Pupa.—(Fig. 20, F) Length about 2.2 mm. Exuviae pale yellowish. 
Frontal and epicranial processes small, setae simple. Thoracic process 3 
reduced to an inconspicuous node, others styliform, covered with small spinules. 
Lateral processes of abdominal segments I to V slender, unbranched, and 
covered distally with small spinules; mediodorsal processes short; medio- 
dorsal and lateral setae short, slender, on abdominal segments I to V. On 
the lateral surfaces, abdominal segments II to VIII have thin-walled, finger- 
like processes which probably have a respiratory function. Respiratory horn 
cylindrical, with a U-shaped row of spiracular papillae, the anterior part of 
which eventually bends across the dorsal side of the tube to continue proxi- 
mally on the posterior surface (Fig. 20, G). 

Female.—Length about 2.2 mm. T.R. 2.52; A.R. 2.51-2.56. Wing 1.7 
by 0.6 mm. Face, proboscis, and antennae yellow-brown; eyes black, bare. 
Thorax middle brown, shining, with yellow-brown scutellum. Halteres white. 
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Fic. 20. Altrichopogon polydactylus. A, entire larva; B, larval head; C, first and sec- 
ond abdominal segments of larva, lateral view; D, larval prothoracic pseudopod, ventral 
view; E, mesothoracic process 1 of pupa; F, pupa; G, pupal respiratory horn; H, female 
wing; I, third segment of female palpus; J, spermathecae; K, male genitalia. 
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Abdomen pale with dark markings on dorsal surface. Scutellum with 4 long 
marginal bristles and about 18 much shorter ones. Two spermathecae, ellip- 
tical, tapering to narrow necks (Fig. 20, J). Third palpal segment slightly 
swollen distally, bearing a sunken, cylindrical sensory pit (Fig. 20,1). Wings 
with first radial cell narrow, about a third as long as the second; macrotrichia 
present apically in cells R; to A, and along veins.r, to-a@; microtrichia fine 
(Fig. 20, H). x 

Male.—Length about 2.7mm. Wing 2.0 by 0.7 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing about 22 long setae, 
posterior margin deeply emarginate; ninth tergite terminating in a broad point, 
exceeding basistyles by about one-quarter their length; basistyles broad, 
dististyles slender and tapering gradually to pointed, slightly incurved apices; 
aedeagus with basal arms slender, basal arch shallow, caudolateral shoulders 
rounded, median point well developed; basistylar apodemes short, hook-like 
(Fig. 20, K). 

Material examined.—Twelve larvae, one 9, two co’, two associated pupal 
exuviae, Saskatoon (Pike Lake), Canada, September 2, 9, and 25, 1956, from 
moss along edge of aslough. Material deposited in Canadian National Collec- 
tion and U.S.N.M. 

The larva resembles that of A. fuscus in having the mediodorsal and latero- 
dorsal processes extended as tracheal gills, but differs in many details of chaeto- 
taxy. Nielsen (21) describes the larval proleg as having only six hooklets 


in the posterior row, and considers the dorsoanal process as lacking entirely. 
Although these differences do exist, there is close agreement in all other details 
of the larva, and in other stages, so the identification is well founded. The 
species is at present unique in having finger-like gills on the pupal abdomen; 
the respiratory horn is very distinctive, but not unique. The two sperma- 
thecae and the chaetotaxy of the scutellum are the best features in the female. 
The male is distinguished by the long, pointed ninth tergite. 


Atrichopogon crinitus Ewen, new species 

Larva.—Length about 2.9mm. Color opaque yellow, with pro- and meta- 
thorax reddish brown, head dull yellowish brown. Head: eye large, scarcely 
raised above surface; all setae simple, seta 7 apparently lacking, seta 10 long; 
antennal socle about half as long as width at base (Fig. 21,C). Body segments: 
(Fig. 21, A, B) seta a up to four times, and seta 6 about 1.5 times, as long as 
segment, on prothorax to eighth abdominal; seta c on prothorax to seventh 
abdominal, up to four times as long as segment; setae d, e, and f on prothorax, 
mesothorax, and abdominal segments'I to VII; one of the three lacking on 
metathorax and eighth abdominal only, all at least as long as segment; medio- 
dorsal and laterodorsal processes well developed, on prothorax to eighth ab- 
deminal; dorsoanal process lacking. Prothoracic pseudopod deeply cleft, 
each lobe with a posterior row of three hooklets and an anterior row of two 
(Fig. 21, D); anal pseudopod with nine pairs of stout, dark-colored hooklets 
arranged in two irregular, transverse rows. 
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Fic. 21. Alrichopogon crinitus. A, anterior and posterior regions of larva; B, first 
and second abdominal segments of larva, lateral view; C, larval head; D, larval pro- 
thoracic pseudopod, ventral view; E, pupal respiratory horn; F, pupa; G, spermatheca; 
H, third segment of female palpus; I, female wing; J, male genitalia. 

ABBREVIATIONS: a-f, setae of larval body segments. 
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Pupa.—(Fig. 21, F) Length about 2.2 mm. Exuviae pale yellowish. 
Frontal and epicranial processes short, setae stout, spur-like. Thoracic 
processes all well developed, styliform. Lateral and mediodorsal processes 
of abdominal segments I to IV long and tapered, shorter on segment V, each 
bearing a stub-like seta apically. Respiratory horn cylindrical, with a bend 
at the base, bearing about 12 spiracular papillae in a continuous row along the 
posterior side and over top (Fig. 21, E). 

Female.—Length about 1.8 mm. T.R. 2.43; A.R. 1.50-1.64. Wing 1.2 
by 0.5 mm. Face, proboscis, and antennae middle brown; eyes black, 
pubescent above and below. Thorax dark brown, subshining, with light- 
brown scutellum. Halteres white. Abdomen pale with dark markings on 
dorsal surface. Scutellum with 4 long marginal bristles and about 12 much 
shorter ones. One spermatheca, globular, tapering gradually to long neck 
(Fig. 21, G). Third palpal segment swollen, bearing a sunken, oval sensory 
pit (Fig. 21,H). Wings with first radial cell narrow, about a third as long as 
the second; macrotrichia present apically in cells R; to Cu, and along veins 14, 
15, M1, M344, SV, Cuy, and cue; microtrichia fine (Fig. 21, I). 

Male.—Length about 1.7mm. Wing 1.2 by 0.4 mm; macrotrichia absent. 
Color as in female. Genitalia: ninth sternite bearing an irregular row of 
about 12 long setae, posterior margin transverse; ninth tergite rounded; © 
basistyles broad, attaining posterior tip of ninth tergite, dististyles slender and 
nearly straight, with tip slightly bent inwards; aedeagus with basal arms 
slender, basal arch to about halfway, posterior margin with rounded, ex- 
panded shoulders, median lobe with cap-like apex; basistylar apodemes 
crescent-shaped (Fig. 21, J). 

Holotype.—Larva, Nanaimo, Canada, July 22, 1926, on rotting wood in 
water (No. 6640, Canadian National Collection, Ottawa). 

Paratypes.—One larva, two 9 9, two o’<’, three associated pupal exuviae, 
same data as holotype; one larva, two 9 9, one co’, one associated pupal 
exuvia, on wood, Antelope Lake, Saskatchewan, Canada, August 1, 1938. 
Paratypes deposited in Canadian National Collection. 

The larva is unique in many respects; lacking head seta 7, having seta c 
well developed on all segments except the last two, and the anal pseudopod with 
only stout, dark-colored hooklets. The very long head and body setae readily 
distinguish the larva from all others yet known. The pupa is simple and very 
Forcipomyia-like. The female shows no unusual features, the chaetotaxy of 
the scutellum and the shape of the spermatheca being the only useful char- 
acters. The shape of the aedeagus and the transverse posterior margin of 
the ninth sternite are the only distinguishing features of the male genitalia. 


Results and Conclusions 


Behind the foregoing routine descriptions there lies a mass of data resulting 
from careful measurement of tarsal and antennal ratios in as long a series of 
adults as was available for each species. The many columns of figures are 
not presented here, but the results show in the range of variation of those 
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characters recorded for each species. It was found that there was a variation 
even between the two members of a pair of appendages in many individuals. 
The disquieting conclusion emerges that these commonly used characters 
vary so widely within a species and overlap between species so much that 
they are completely unreliable. In Connecticut, Lewis (14) reported that 
three Atrichopogon species, which he does not name, could easily be separated 
by use of the tibial comb. He further reported that the comb is identical in 
pattern on both male and female tibiae. Extensive analysis showed that this 
is not true of the species examined in the present work; not only is there a 
variation in the number of spines on the comb between the sexes of a species, 
but many individuals show a variation in number between the right and left 
sides of the body. 

Turning to the wings and scutellum it can be seen that these features present 
very little difference in many species. The shapes of the palpi and sperma- 
thecae offer more promise but require special mounts and are not mentioned 
in most descriptions. 

Except for Wirth (27), authors have given little attention to the male geni- 
talia. Although here, too, there seems to be some overlapping between species, 
the genitalia offer more dependable characteristics than the other imaginal 
features previously discussed. Thus, specific differences can be found in most 
instances in the aedeagus, basistylar apodemes, ninth tergite, basistyles, 
dististyles, and the degree of excavation and the number of setae of the ninth 
sternite. 

This unfortunate variability of adult characters makes it extremely difficult 
to distinguish many species which are readily separable by features of the 
immature stages. If the taxonomist continues to describe species from adults 
without due consideration for individual variation, the inevitable result will 
be a multiplication of synonyms. We agree with Nielsen (21) that it is better 
to define species on the basis of the larvae and/or the pupae, and have there- 
fore designated a larva as the holotype in all descriptions of new species. The 
statistical study of a long series of adults, which the present state of our know- 
ledge requires, is not practical; work should be directed towards rearing larvae 
of as many species as possible and finding distinctive characters between their 
imagines. 

The situation in Atrichopogon is not unique: Andersen (1), working with 
the subgenus Chironomus, shows that one apparent species can be raised from 
two or three larval types, and that the larvae of one type may produce adults 
of more than one apparent species. The inference is that the characters 
employed to separate Chironomus species are too variable to be reliable 
(Nielsen (21)). 

Although the immature stages of Atrichopogon exhibit infinite variety in 
the nature and arrangement of cuticular processes, setae, antennal, and other 
features, it is difficult to indicate any character which infallibly separates them 
from the early stages of Forcipomyia. Actually; most Atrichopogon larvae 
are unmistakable in their flattened spiny state, or they may be square in cross 
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section, but A. crinitus larvae were raised in the firm conviction that they would 
prove to belong to a new subgenus of Forcipomyia: the body is long and 
subcylindrical, and the head is exactly like that of a larva of the subgenus 
Forcipomyia. The most nearly exclusive feature of Atrichopogon immature 
stages is the posterior median point of the pupal mesothorax, which never 
overlaps the first abdominal segment. In Forcipomyza, the point reaches the 
second abdominal segment in all but the subgenus Trichohelea (Saunders (24)). 
Of course, the truly aquatic habit of the latter, in water-holding plants, to- 
gether with many morphological characters, prevents any possible confusion 
with Atrichopogon; but there is no guarantee that some of the subgenera of 
Forcipomyia, undoubtedly still to be discovered, will not further confuse the 
issue by exhibiting a short median point on the pupal thorax. The only 
truly dependable distinction between the two genera lies in the venation and 
chaetotaxy of the adult wing. 

Based principally on larval morphology three broad groups can be disting- 
uished among the species discussed in the present paper. These are not in- 
tended as subgenera, but are given in the hope of providing a basis for the 
establishment of subgenera in the future, when more material becomes avail- 
able. Nielsen’s (21) speculiger, dubius, and cornutus are the only species whose 
immature stages are described in the literature in sufficient detail to permit 


assignment to a group. 


Group A—A. humicolus, A. corpulentus, A. caribbeanus, and A. obscurus 

The outstanding features of this group are the respiratory areas on the 
dorsum of the larvae. The long head seta 7, moderately long antennal socle, 
very short mediodorsal process, and occurrence of seta c, and the number of 
hooklets (10) on each lobe of the prothoracic pseudopod are other characters 
which, taken in combination, are peculiar to the larvae of this group. 

The pupae are difficult to characterize. They all have rudimentary res- 
piratory areas on the dorsum of the first seven abdominal segments, but this 
character is often difficult to see. The branched spines on the lateral abdom- 
inal processes are common to corpulentus, caribbeanus, and obscurus, but do 
not occur in humicolus. The pupa of fuscus, a species which obviously does 
not belong to this group, also has these digitate lateral processes. In regard 
to this species, however, Nielsen (21) supposes that Goetghebuer (6) has made 
an error in collection and that the larva he describes does not really belong to 
the species fuscus at all. 

The male genital segments of humicolus, corpulentus, and caribbeanus have 
the deeply emarginate ninth sternite with a row of a small number (either 
four or five) of long setae, a character which separates them from other species 
described here. Unfortunately, we do not have males of obscurus. The 
females have a number of features in common but even taken in combination 
they are not peculiar to the group. 

Nielsen’s speculiger, dubius, and cornutus are other species which could fit 
into this group. Unfortunately, Nielsen (21) does not present descriptions 
or figures of the male genitalia in his publication. 





722 CANADIAN JOURNAL OF ZOOLOGY. VOL. 36, 1958 


Group B—A. remigatus, A. maculosus, A. saunderst, and A. bifidus 

The well-developed laterodorsal processes, absence of dorsoanal processes, 
short mediodorsal processes, large number of hooklets in the prothoracic and 
anal pseudopods, and the “twinned” head seta 10, when taken in combination, 
easily separate the larvae of this group from those of other species treated here. 

The pupae of this group are not so easily distinguished. The thoracic and 
abdominal processes are all well developed in remigatus, maculosus, and bifidus, 
but thoracic process 5 is reduced in saundersi. The respiratory horns of 
maculosus and saundersi have the S-shaped row of spiracular papillae, but the 
horns of remigatus and bifidus are not so distinctive and are difficult to dis- 
tinguish from those of other species. 

The almost transverse posterior margin of the ninth sternite, the irregular 
row of a large number of long setae, and the simple, broad aedeagus are dist- 
inctive in the male genitalia, but not peculiar to the group. 


Group C—A. flavus, A. incultus, and A. longicornis 

The larvae of this group have the following characters in common: very 
long laterodorsal processes which end apically in a stub-like seta; well 
developed dorsoanal processes on the prothorax to the eighth abdominal 
segment; prothoracic pseudopod barely cleft medially and with a maximum 
of five hooklets on each lobe; long antennal socle and stub-like head seta 10. 
The very long laterodorsal processes and their stub-like setae are the only 


characters peculiar to the larvae of this group, but it is only among these three 
species that the other characters mentioned appear in this combination. 

Pupae of flavus and incultus are peculiar in that most of the abdominal 
processes and setae are lacking. Unfortunately, we do not have pupae of 
longicornis. The male genital segment of each of the three species has a 
very modified aedeagus. 


Subgenus Meloehelea 

In 1956 Wirth erected the subgenus Meloehelea to include those species in 
which the females have an unusually upcurved proboscis and attack meloid 
beetles. The immature stages of only one species, meloesugans, are known. 
The larva of meloesugans shows affinities with that of minutus but the well- 
developed mediodorsal processes and the chaetotaxy of the body segments may 
still keep it distinct. This is fortunate, for the characteristic upcurved pro- 
boscis of meloesugans is not found in minutus. 


Remaining Species 

The remaining species discussed in this paper do not readily fit into any 
groupings. Larvae of minutus, inconspicuus, tuberculatus, and levis all have 
the ‘‘two-pronged”’ laterodorsal processes on the pro- and meso-thorax, and 
the small mediodorsal processes and setae, but differ in many other details of 
chaetotaxy. The pupae of these four species are simple and difficult to dis- 
tinguish from those of group B, and the imagines offer no combination of 
characters which would set them apart as a distinct group. 
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Larvae of polydactylus have the long laterodorsal processes like those of 
group C, but differ in many other respects. The larva of fuscus seems to 
have a similarity to that of polydactylus, except for the antennal socle and head 
seta 10, but the pupae of these two species are very different. However, as 
mentioned earlier, there is reason to question the validity of Goetghebuer’s 
identification of fuscus larvae. 

In many respects the larva of crinitus is very distinctive. The extremely 
long head and body setae are the most obvious characters, but the absence of 
head seta 7 is so far unique, although this may be an aberrant feature in the 
small number of specimens examined. 
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STRUCTURES AND FUNCTIONS OF THE REPRODUCTIVE 
SYSTEMS OF THE PRAIRIE GRAIN WIREWORM, 
CTENICERA AERIPENNIS DESTRUCTOR (BROWN) 

(COLEOPTERA: ELATERIDAE)! 


RussELL Y. ZACHARUK? 


Abstract 


The abdomen of the adult of the prairie grain wireworm, Ctenicera aeripennis 
destructor (Brown), consists of 10 segments, the posterior 3 of which are 
modified for reproduction in both sexes. Distinctive features of the male 
reproductive system are a pair of large spermatophoral glands that secrete the 
spermatophore, and a bilaterally symmetrical, trilobed phallic organ. Char- 
acteristics of the female reproductive system are egg tubes of the acrotrophic type, 
and a spermatophoral receptacle with a distinctively spinose intima. 

Neither the male nor the female mate more than once. ‘The spermatophore, 
within which the seminal fluid is transferred from male to female, is pt dis- 
solved in the spermatophoral receptacle during the oviposition period pds the 
gelatinous fluid is applied to the eggs as they are laid. This species.does not re- 
produce parthenogenetically. 


Introduction 


The prairie grain wireworm, Ctenicera aeripennis destructor (Brown), is a 
serious pest of field and garden crops in the prairie and parkland regions of 
Western Canada. It has, therefore, been studied intensively in recent years. 
Further detailed studies require a more thorough knowledge of the repro- 
ductive processes in this insect. 

The literature has scant and, in most instances, fragmentary information 
on structure and function of the reproductive organs in elaterids. In some 
instances the identities and functions ascribed to parts of the systems are 
conflicting. This paper attempts to augment and clarify the available infor- 
mation on the reproductive systems of Elateridae. The organs and their 
functions in a common elatérid are described, and compared with some of 
those of other species of the family for which descriptions are available. 

Knowledge of the postembryonic development of the reproductive systems 
aided in identifying the various parts, and in clarifying the processes of repro- 
duction. This phase of the study will be reported on in a later paper. 


Materials and Methods 


The beetles used in this study were collected from their earthen cells shortly 
before they emerged in the spring. Two beetles of each sex were prepared 
for sectioning at each of the following stages: before mating, during mating, 


1Manuscript received January 28, 1958. 
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and at several intervals after mating. At each of these stages several beetles 
were dissected and the abdominal segments and reproductive organs were 
examined to determine their number, shape, development, and position in 
relation to one another. 

The beetles were killed in hot Bouin’s fluid (180° F). After the fluid had 
cooled, the head and thorax were discarded, and the abdomen was allowed 
to fix in fresh cold Bouin’s fluid for 24 hours. When the abdomens were fixed, 
the hard sclerites of the abdominal segments were removed. The intact 
abdominal organs and fat tissue were washed in 35% and stored in 70% 
ethyl alcohol. 

The specimens were dehydrated in ethyl alcohol and cleared overnight in 
cedarwood oil. The cedarwood oil was washed out of the cleared specimens 
with benzene. They were infiltrated in three changes of Tissuemat (Fisher 
Scientific Co., 717 Forbes St., Pittsburgh 19, Pa., U.S.A.) and embedded in 
Tissuemat. The organs were sectioned serially at 10 yu. 

The sections were stained with Delafield’s hematoxylin and counterstained 
with eosin. 


Abdomen 


Ten segments are present in the abdomens of both sexes of the adult of the 
prairie grain wireworm. The first seven segments are similar in the two 


sexes, and all but the sterna of the first two of these segments are clearly 
visible externally. The eighth to tenth segments are structurally different 
in the two sexes. They are normally telescoped above the sternum of the 
seventh abdominal segment, with but the posterior portion of the eighth 
tergum visible externally. 


First Seven Segments 

The sharply concave sterna of the first seven segments (I-VIIS, Fig. 1) 
form a heavily sclerotized ‘‘trough”’, which contains the internal organs of the 
abdomen and the usually retracted posterior segments and external genitalia. 
The sternum of the first segment is a vestigial sclerite fused to the reduced 
sternum of the second segment. These two lightly pigmented sterna form the 
posterior and posterodorsal walls of the hind coxal cavities (CCav). The 
anterior margin of the sternum of the third segment is indented ventro- 
laterally by the coxal cavities. Medially this sternum protrudes cephalad 
between the coxae and, with a medioventral fold of the first sternum and an 
anteroventral fold of the second sternum, forms the medial walls of the coxal 
cavities. The sternum of the second segment is fused to that of the third 
along the posterior margins of the coxal cavities. The sternum of the third 
segment and the bandlike sterna of the fourth to sixth segments, all black- 
pigmented, are fused; the lines of fusion are clearly indicated by inward 
foldings of the sternal margins. The sternum of the seventh segment (VIIS, 
Figs. 1, 6) is scooplike and tapers to a rounded posterior margin. It forms 
the external plate beneath the external genital apparatus of both sexes. The 
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seventh sternum is joined to the sixth by a short, thick membrane which allows 
the seventh sternum to be depressed for extrusion of the posterior abdominal 
segments and external genitalia during copulation and oviposition. 

The terga of the first seven abdominal segments (I—VIIT, Fig. 1) are lightly 
pigmented, bandlike sclerites. They are connected by clear intersegmental 
membranes. The first and second terga are reduced to approximately half 
the length of each of the succeeding five terga. A pair of spiracles is found in 
each of the first seven abdominal segments. Each spiracle is at a lateral 
margin of a tergum in the membrane connecting the tergum to the sternum. 
The first abdominal spiracle (14 Sp) is elongate, and is about five times as large 
as any of the succeeding oval-shaped spiracles (6A Sp). 


Posterior Segments of Male Abdomen 

The eighth and ninth abdominal segments of the male beetle have distinct 
terga and sterna. The tenth segment is represented by the tergum only 
(Fig. 6). 

The tergum of the eighth segment (VIIIT, Figs. 1, 2, 4, 6) is convex dorsally, 
and has rounded posterolateral and posterior margins. The surface of the 
tergum is setose; the setae increase in size and number towards the lateral 
and posterior margins. The sternum of the eighth segment (VIIIS, Figs. 2-4, 
6) is rectangular and largely membranous, with but the lateral portions and a 
narrow band along the anterior margin sclerotized. It is sparsely setose, the 
setae being most pronounced on the lateral plates. The eighth abdominal 
spiracles (8ASp, Fig. 4) are just posterior to ventral extensions of the antero- 
lateral margins of the tergum, on the membranes that connect the anterior 
portions of the tergum and sternum. These lateral connecting membranes 
invaginate just behind the spiracles. They are continuous with the inva- 
ginated dorsal and ventral intersegmental membranes, and together line the 
invagination cavity (Cav, Fig. 6) into which the ninth and tenth segments 
retract. The posterior and posterolateral portion of the eighth segment is, 
therefore, jawlike, and the posterior portion of the tergum may be raised or 
lowered during extrusion and retraction of the enclosed segments. 

The eighth segment is joined to the seventh (VIIT, VIIS, Fig. 6) by a ring- 
like membrane that is longer dorsally than ventrally. Thus, when the eighth 
segment is extruded, the possible movement of the tergum is twice that of 
the sternum. When the eighth segment is extruded the tergum is exposed 
posteriorly, and the jawlike posterior portion of the segment, which just clears 
the posterior margin of the seventh sternum, is directed ventrad. 

The tergum of the ninth segment (IXT7, Figs. 2-4, 6) is arched, covering the 
segment dorsally and laterally. It is tapered posteriorly and has a deep 
median V-shaped indention in the posterior margin. Thesurface of the tergum 
is setose; the setae increase in size and number towards the posterolateral mar- 
gins. The anterior portions of the ventrolateral margins of the tergum are 
extended anteriorly in narrow sclerotized bands that are fused to the antero- 
lateral margins of the ninth sternum. 
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The sternum of the ninth abdominal segment (IXS, Figs. 3, 4, 6, 7) is the 
subgenital plate. It is a spade-shaped sclerite of which an enclosed anterior 
portion is membranous. The posterior half of the sternum is setose; the setae 
increase in size and number posteriorly. The posterior margin of the plate is 
lightly sclerotized and has a finely pubescent surface. The inner (dorsal) face 
of the posterior portion of the sternum is covered by a loose membrane, which 
becomes distended and bulbous in appearance when the external genitalia are 
extruded. This structure appears to serve as a reservoir for the erection 
fluids (Rsvr, Figs. 4, 6, 7). 

The long, ringlike membrane that, as previously mentioned, forms the inner 
walls of the invagination cavity in the eighth segment, connects the ninth 
segment to the eighth. It enables the ninth segment to be entirely extruded 
from (Fig. 4) or fully retracted within (Fig. 6) the invagination cavity. (In 
the retracted position, however, the posterior half of the ninth sternum re- 
mains exposed ventrally, behind the eighth sternum.) This membrane is so 
attached that the posterior portion of the ninth angment moves ventrad when 
extruded, as for the eighth segment. 

The tenth segment is represented by a small dorsal anal plate, the tenth 
tergum (XT, Figs. 2, 4, 6, 7).. It is convex dorsally and has a rounded pos- 
terior margin. The margins of the anterior half of the tenth tergum are shaped 
to fit closely within the median V-shaped indentation of the ninth tergum. 
The terga of the ninth and tenth abdominal segments are closely joined by a 
short membrane, giving the terga the appearance of being fused. The anal 
opening (An, Figs. 4, 6) is in a membrane beneath the tenth tergum. 

There is an invagination cavity within the ninth abdominal segment, below 
the rectum (Rect, Figs. 4, 6, 7). Posteriorly, it is terminated by the anus 
dorsally and the erection fluid reservoir ventrally. This cavity is the male 
genital pocket (GP, Fig. 6), into which the external genitalia retract from view. 
The walls of the genital pocket are lined by the second connecting membrane 
of the retracted external genitalia. A rectangular portion of the ventral wall 
of the genital pocket is lightly sclerotized. This sclerite is the ventral plate 
of the genital pocket (vP/GP, Figs. 3, 4,6). Its apparent function is to rein- 
force the ventral wall of the genital pocket and facilitate the extrusion and 


retraction of the genitalia. 


Posterior Segments of Female Abdomen 

The eighth segment of the female beetle has a distinct tergum and sternum. 
The tergum and sternum of the ninth segment are greatly modified to form, 
along with the paired appendages of this segment, the ovipositor. The tenth 
segment, as in the male, is represented by the tergum only. 


Fic. 1. Abdomen of beetle, lateral view. 

Fics. 2-4. Extruded posterior abdominal segments and external genitalia of male 
beetle. Fig. 2. Dorsal view. Fig. 3. Ventral view. Fig. 4. Lateral view. 

Aedeagus with endophallus everted, lateral view. 

Fic. 6. Longitudinal section through retracted posterior abdominal segments and 
external genitalia of male beetle, diagrammatic. 

Fic. 7. Transverse section through posterior portion of abdomen of male beetle. 

Fic. 8. Internal reproductive system of a mature male beetle, dorsal view. 
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The external appearance and the position of the retracted eighth segment 
(Fig. 20) are similar to those in the male (Fig. 6). The ninth and tenth seg- 
ments are normally retracted from view within the eighth segment, as in 
the male. 

In the eighth segment the tergum (VIIIT, Figs. 17, 19, 20) is similar to 
that of the male. However, a median V-shaped indentation, which is normally 
absent in the eighth tergum of the male, is present in the anterior margin of 
this tergum in the female. More of the sternum of the eighth segment (VIIIS, 
Figs. 17—20) is sclerotized in the female than in the male. In the former this 
sclerite is spade-shaped, with a rounded posterolateral and posterior margin. 
The surface of the sternum is setose. The anterolateral portions of the sclerite 
terminate in pointed processes directed cephalad. Two heavily sclerotized 
rods originate on the anterior margin of the sternum near these processes. 
These rods extend medially and cephalad and, in the retracted position of the 
segments, join in the region of the anterior portion of the seventh segment 
(VIIT, VIIS, Fig. 20). These extensions form the apodeme of the eighth 
abdominal sternum (A p8S, Figs. 18-20). The median portion of the apodeme 
is membranous, and is continuous with a membranous anterior median area 
of the sternum. This apodeme serves for the attachment of muscles that 
activate the external genitalia. The appearance and positions of the eighth 
abdominal spiracles (8A Sp, Figs. 18, 19) are similar to those in the male. 

The posterior margin of the sternum is directly ventral to the posterior 
margin of the tergum of the jawlike eighth segment. Thus, all the structures 
posterior to the eighth segment, when retracted, are concealed ventrally by 
the eighth sternum (Fig. 20). This sternum is, therefore, the subgenital 
plate of the female, and is comparable in function to the sternum of the ninth 
abdominal segment in the male. 

The invagination cavity in the eighth abdominal segment, into which the 
external genitalia retract, is the genital pocket (GP, Fig. 20). It is homologous 
with the invagination cavity of the male, but is comparable in function to the 
genital pocket of the male. When the external genitalia of the female are 
retracted the long, ringlike membrane that connects the genitalia to the eighth 
segment is folded inward, and forms the lining of the genital pocket. The 
posterior half of the eighth sternum is covered on the inner (dorsal) face by 
a sclerotized plate. The rounded posterior margin of this plate is fused to 
the posterior margin of the sternum, and the transverse anterior margin is 
continuous with the membranous lining of the genital pocket. This sclerite 
is the ventral plate of the genital pocket (vP/GP, Figs. 19, 20), and is com- 
parable in function to the ventral plate of the genital pocket of the male. 

The ninth and tenth segments are discussed in the section on the external 
genitalia of the female. 


Discussion 

In Coleoptera, the abdomen generally consists of 10 segments according to 
Newell (7), Sharp and Muir (9), Snodgrass (10), Tanner (11), and Wandolleck 
(12). The sternum of the first segment is generally atrophied, that of the 
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second is often reduced, and that of the tenth is invariably missing. The 
eighth segment may be partially or entirely retracted within the seventh, and 
the ninth and tenth segments are usually entirely retracted within the eighth. 
The last three abdominal segments are often reduced or modified and generally 
include large membranous areas. 

The segmentation of the abdomen of C. a. destructor is similar to that gener- 
alized for Coleoptera, and differs little from that noted by Horst (4) in A griotes 
obscurus (L.). In the former species the sternum of the first segment is con- 
siderably atrophied but not entirely missing as was noted by Horst in the 
latter species. Also, the eighth segment is only partially retracted into the 
seventh, rather than entirely as in A. obscurus. 

The sclerites of the eighth to tenth abdominal segments differ little in struc- 
ture from those of the male elaterid beetles described in the literature. In the 
female beetles of this species the tergum of the eighth segment varies little in 
structure, but that of the eighth sternum varies markedly. The most marked 
differences are in the length of the apodeme in relation to that of the sternal 
plate, in the appearance of the apodeme and of the lateral and posterior mar- 
gins of the sternal plate, and in the extent of sclerotization of the medio- 
anterior portions of the sclerite. 

In C. a. destructor, C. aena (L.) (Horst (4)), and C. lata (F.) (Wandolleck 
(12)), the ratio of the length of the apodeme of the eighth abdominal sternum 
to that of the sternal plate is approximately 1:1. In A. obscurus (Horst (4)) 
and Elater ferrugineus L. (Wandolleck (12)) this ratio is approximately 3:1, 
and in Ctenicera cruciata (L.) (Wandolleck (12)) itis approximately 1:2. In 
C. lata the apodeme appears as two lateral ridges joined anteriorly and sep- 
arated by a median membranous area. The median anterior portion of the 
sternal plate is also membranous. The sternum is similar in appearance but 
completely sclerotized in C. aena. In C. cruciata the apodeme appears as two 
fingerlike processes separated along their entire length by a membranous area; 
the sternal plate is completely sclerotized. In E. ferrugineus and A. obscurus 
the two lateral ridges of the apodeme are fused along their entire length. There 
are no membranous areas in the sternal plate. The apodeme of C. a. de- 
structor is similar to that of C. lata. In all six species the lateral and posterior 
margins of the sternal plate are broadly rounded, but variations occur in the 
number and shape of indentations or protuberances in these margins. 

These variations in the structure of the eighth abdominal sternum of female 
beetles show promise as key characters in the taxonomy of elaterid species. 


Male Reproductive System 


External Genitalia 

The external genital apparatus (the phallus) (ExGen, Fig. 2) of the male 
adult of the prairie grain wireworm is of the generalized, bilaterally sym- 
metrical, trilobed form. It consists of a basal sclerite (the phallobase), the 
anterior margin of which is connected to the body wall by a long, tubular 
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membrane (the second connecting membrane). Posterior to the basal sclerite 
and joined to it by a short membrane (the first connecting membrane) are 
two lateral lobes (the parameres) and a median lobe (the aedeagus). 

The phallobase (Phd, Figs. 2—4, 6) encircles the terminal portion of the ejacu- 
latory duct. It is heavily sclerotized laterally and along the anterior half of 
the ventral face. The posterior portion of the ventral face and the entire 
dorsal face aremembranous. The sclerotized portion of the phallobase appears 
as a U-shaped band of which the arms are directed dorsad. The anterior 
margin of this sclerite is folded inward; the inner surface of this fold serves 
for muscle attachment. 

The aedeagus (Aed, Figs. 2-7) is the intromittent organ. It is a heavily 
sclerotized, tubular structure, which is largely membranous along the anterior 
two thirds of the ventral face, and which tapers distally to a closed, rounded, 
ventrally curved tip. At its base the dorsal and the ventrolateral walls 
project anteriorly. The short, platelike anterodorsal projection (adPr, Fig. 5) 
is a point of attachment for the parameres. The longer, heavily sclerotized 
projections of the ventrolateral walls, the aedeagal apodemes (Apa), are 
points of attachment for the aedeagal muscles. The troughlike basal two 
thirds of the aedeagus forms a median foramen (For), which is covered by the 
loose ventral membrane of the aedeagus (vmen, Figs. 5, 7). The eversible 
terminal portion of the genital tube, the endophallus (Enph, Figs. 5-7), is 
situated in this foramen. The invaginated endophallus opens to the exterior 


through a jawlike aperture, the phallotreme (Phir, Figs. 3-6), situated at the 
posterior margin of the ventral aedeagal membrane. A flattened, rodlike 
sclerite (vr, Figs. 3-7), widened distally, is situated in this membrane along 
the median line. The phallotreme is kept closed by muscles acting on this 
sclerite. When everted during copulation, the endophallus reaches just past 
the distal extremity of the aedeagus and becomes the functional intromittent 


organ. 

The walls of the endophallus bear numerous spines, which are directed for- 
ward on the everted tube. These spines, along with similar ones on the ventral 
membrane and sometimes on the median sclerotized rod, anchor the male 
genital tube within the genital tract of the female during copulation. In the 
distal portion of the aedeagus are numerous microscopic pores (sens, Fig. 5), 
each of which contains a minute, cone-shaped peg. The apex of each peg 
projects just above the surface of the sclerite. Snodgrass (10) notes that the 
distal extremity of the aedeagus in Coleoptera frequently bears spines, small 
plates, or slender processes, which are generally termed titillators. The 
structures observed on the distal extremity of the aedeagus in this beetle 
appear to be sensilla of a chemoreceptive type, and are, therefore, looked 
upon as genital sensory pores. 

The parameres (Pmr, Figs. 2-4, 7) are situated one on each side of the 
aedeagus, the basal portion of which they partly enclose. Each paramere is a 
heavily sclerotized, troughlike structure that is open on its inner face and that 
tapers distally to a closed tip. This tip is rounded on the inner and posterior 
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surfaces, bears a transverse ridge ventrally, and is hooked outwardly. The 
posterior surface of each hook bears several spines, also directed outwardly. 
On the ciorsal face the inner margin of each paramere is attached anteriorly 
to the anterodorsal process of the aedeagus, on which the parameres articulate. 
Ventrally, the inner margins of the parameres are free, and allow the ventral 
membrane of the aedeagus to distend ventrad between them. The lateral 
walls of the parameres are connected anteriorly to the posterior margins of the 
lateral walls of the phallobase by the short, thick first connecting membrane 
(CM1, Figs. 4,6). These junctures serve as the lateral points of articulation 
for the parameres. The parameres are activated by longitudinal muscles 
(L Mel, Fig. 7) attached to the anterior fold of the phallobase, and are capable 
of limited lateral movement. They serve as claspers during mating. 

The second connecting membrane (CM2, Figs. 4, 6) is so fastened to the 
body wall and to the phallic organ that the latter, like the posterior abdominal 
segments, is forced ventrad when extruded. Thus, when these segments and 
the phallus are fully extruded, as in the primary stages of mating, the tip of 
the phallus is directed anteriorly beneath the seventh abdominal sternum. 
Also, during mating the phallus rotates 180 degrees on its longitudinal axis. 
The length and flexibility of the second connecting membrane makes this rota- 
tion possible. 


Ejaculatory Duct 

The ejaculatory duct (Dej, Figs. 4-6, 8, 9) is a thick median tube through 
which the spermatophore is discharged into the genital tract of the female. 
It is ventral to the digestive tract. The basal portion of the duct, situated in 
the posterior portion of the fifth segment, is bifurcate. A spermatophoral 
gland and a seminal vesicle empty into each short fork of the duct in this 
region. The distal portion of the duct passes through the foramen of the 
phallobase to the base of the aedeagus, to which it is connected by thin strands 
of muscle. The distal aperture of the ejaculatory duct, the male gonopore 
(Gpr, Figs. 5, 6), opens into and is concealed within the invaginated endophallus 
(Fig. 6). In this position the phallotreme can be easily mistaken for the gono- 
pore. When the endophallus is everted, as in copula, the ejaculatory duct is 
protracted within it, and the gonopore is carried to the tip of the so-formed 
double-walled tube, where it opens directly to the exterior (Fig. 5). The 
duct is lengthened for protraction primarily by a straightening of a dorso- 
ventral curve of the relaxed duct in the region of the sixth and seventh seg- 
ments, although the walls of the duct may also stretch to a limited extent. 

The ejaculatory duct is lined by a chitinous intima (Jn, Fig. 10), the surface 
of which bears numerous minute denticles. Surrounding the intima is a layer 
of densely packed columnar epithelial cells (Epth) bounded by a basement 
membrane. The epithelial layer is ensheathed by a thick layer of circular 
muscles (CMcl). This muscle sheath is reduced in thickness at the basal and 
distal extremities of the duct. 

The medial partition of the bifurcate basal portion of the ejaculatory duct 
terminates in the region of the posterior margin of the fifth segment. An 
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inward fold of the dorsal wall of the epithelial layer (g/Pr, Fig. 10) continues 
posteriorly from the termination of the partition to the distal end. The 
anterior portion of this process is large and arrowhead-shaped in cross section. 
It diminishes in size and changes shape posteriorly to a barely noticeable pro- 
jection. A small medial projection of the ventral wall is noticeable only in 
the basal portion of the duct. These processes appear to. be vestiges of inner 
partitioning walls of the duct, and indicate a probable ancestral condition of 
paired male genital exit tubes. 

The anterior portion of the dorsal process of the ejaculatory duct appears 
to form a concavity medially in each half of the spermatophoral secretion so 
that, when the two halves are fused, the spermatophore is hollow. The cells 
of this process are glandular and secrete a thick fluid, which is stored between 
the intima and the cellular layer before mating. During mating the intima 
apparently ruptures and the fluid is applied to the inner margins of the sper- 
matophoral halves before fusion. This fluid probably aids in the fusion of 
the secretions of the spermatophoral glands into the spermatophore. 


Spermatophoral Glands 

The paired spermatophora! glands (SptphGl, Figs. 8, 9, 11) are the largest 
organs in the abdomen. Each gland empties into a fork of the ejaculatory 
duct in the posterior region of the fifth segment. From this juncture each 
gland extends anteriorly to the third segment, folds ventrally and posteriorly, 
beneath the seminal vesicles, to the fifth segment, and folds again, laterally 
and anteriorly, to the anterior margin of the fourth segment, where it ter- 
minates in a lateral hook. The proctodaeum (Proc; Fig. 11) and malpighian 
tubules (Mal) are mediodorsal to these glands. 

Each gland consists of an inner thick layer of densely packed columnar 
secretory cells (Epth, Fig. 12) enclosed by a peritoneal sheath (P). The 
entire gland is ensheathed by a single layer of muscle tissue (Mc/l), which is 
continuous with the muscular sheath of the ejaculatory duct. Just before 
the beetles mate the lumen of each spermatophoral gland is filled with a solid 
but pliable secretion (secr). The secretions of the paired glands are ejected 
during mating into the ejaculatory duct, where, as previously mentioned, 
they are molded and fused into the spermatophore. 


Accessory Glands 

An accessory gland (AcGI, Figs. 8, 9, 11) is attached to the dorsal wall at 
the base of, and empties into, each spermatophoral gland. From this juncture 
each of these tubular, pouchlike glands extends posteriorly to the anterior 


Fic. 9. Genital glands, seminal vesicles, and ejaculatory duct of a mature male beetle, 
ventral view. 

Fic. 10. Transverse section through ejaculatory duct. 

Fic. 11. Transverse section through anterior portion of fifth abdominal segment of 
mature male beetle. 

Fic. 12. Transverse section through part of the spermatophoral gland. 

Fic. 13. Transverse section through part of the accessory gland. 

Fic. 14. Transverse section through part of the seminal vesicle. 

Fic. 15. Transverse section through vas deferens. 

Fic. 16. Longitudinal section of sperm tube. 
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region of the seventh segment, where it folds laterally and anteriorly, dorsal 
to the spermatophoral gland, and terminates in the anterior region of the third 
segment. Each accessory gland consists of an inner layer of glandular epi- 
thelium (Epth, Fig. 13) ensheathed by a thin peritoneum (P). Just before the 
beetles mate, the lumen of each gland is filled with a fluid secretion (secr). 
This secretion is discharged into the cavity formed during mating in the sper- 
matophore, where it combines with the spermatozoa to form the seminal fluid. 


Seminal Vesicles 

The paired seminal vesicles (Vsm, Figs. 8, 9, 11) are between the basal 
portions and the first folds of the spermatophoral glands. Each vesicle is a 
saclike structure constricted near the anterior end into a small anterior and a 
larger posterior chamber. It empties through an opening in the dorsal wall 
of its constricted portion into a fork of the ejaculatory duct, near the base of a 
spermatophoral gland, and on the ventral surface. Each sac consists of an 
inner epithelial layer (Epth, Fig. 14) surrounded by a peritoneal sheath (P). 
In mature, unmated beetles the vesicles are filled with a mass of long, hairlike 
spermatozoa (Spz, Figs. 11, 14) among which cytoplasmic bodies lacking nuclei 
are observed. These inclusions, which the writer terms nutritive bodies 
(nutrbo), originate in the sperm tubes with the spermatozoa. Their apparent 
function is to nourish the spermatozoa during their storage period. 

During mating the spermatozoa are forced into the ejaculatory duct. They 
enter the cavity of the spermatophore, where, combined with the fluid secre- 
tion of the accessory glands, they form the seminal fluid. 


Vasa Deferentia 

The paired vasa deferentia (Vd, Figs. 8, 9, 11) empty into the seminal 
vesicles through the openings used by the latter to empty into the ejaculatory 
duct. The terminal portions of the vasa deferentia are embedded ‘n the ven- 
trolateral walls of the forks of the ejaculatory duct, and externally they appear 
to open directly into these forks. Each vas deferens is a long, slender, much- 
coiled tube. It leaves the testis in the third segment, and continues posteriorly 
through several convolutions (conv, Fig. 8), lying in the fifth to seventh seg- 
ments of the abdomen, to its juncture with the seminal vesicles in the posterior 
region of the fifth segment. 

The lumen of each vas deferens (Lum, Fig. 15) is bounded by a layer of 
epithelial cells (Epth) ensheathed by a thin peritoneum (P). The inner walls 
of the epithelial cells project inward in numerous small, fingerlike cytoplasmic 
processes (c). Snodgrass (10) makes no mention of such processes, but indi- 
cates that the vasa deferentia are usually ensheathed by a strong muscular 
coat of circular fibers. This muscular sheath probably aids in the movement of 
spermatozoa down the tubes by contraction. Asa muscle sheath is absent in 
this beetle, it is probable that the cytoplasmic processes replace it in function, 
possibly moving the spermatozoa (Spz) along by a flagellate action. 


Testes 
The paired testes (Tes, Fig. 8) are in the dorsal region of the first to fourth 
abdominal segments, one on each side of the digestive tract. In three beetles 
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examined each testis contained 48 sperm tubes (SpT). The sperm tubes are 
attached by stalklike vasa efferentia (Ve) to the base of the vas deferens. The 
basal or testicular portion of the vas deferens, lying along the medioventral 
surface of the testis, is convoluted into a series of enlarged tubular reservoirs 
termed the epididymus (Epym). The testis has no investing sheath; the 
sperm tubes are held together by tracheal branches. 

Each sperm tube (Fig. 16) is bound by a thin membrane and an epithelial 
sheath (ESh). It consists of numerous cellular elements that are in the suc- 
cessive stages of development described by Snodgrass (10) and Wigglesworth 
(13) for insects in general. However, the sperm cysts, within which groups 
of spermatozoa develop, do not disintegrate and dissolve after they rupture, 
as described by Snodgrass, but change into the nutritive bodies mentioned 
previously, which move to the seminal vesicles with the mature spermatozoa. 

The mature spermatozoa are long and hairlike. Their nuclear ‘‘heads’”’ 
could not be differentiated from their cytoplasmic “‘tails’’. 

The histology of the vas efferens is similar to that of the vas deferens, with 
which it is continuous. It consists of a tubular epithelial layer (Epth), the 
inner wall of which bears cytoplasmic processes (c) and which is bounded by 
a thin peritoneum (P). 


Discussion 
The phallus of male Coleoptera, according to Snodgrass (10), consists of 


an annular basal sclerite, posterior to which are a median and two lateral 
lobes. However, there are numerous modifications, of this structure among 
beetles, in symmetry and in the number and relationship of parts. This has 
led Jeannel and Paulian (6) to note that it is hardly possible to give an anatom- 
ical description for the order. Sharp and Muir (9) state that the aedeagus 
(phalius) of Elateridae is as a rule a generalized trilobed type, and that, 
although it is far from being truly primitive, it is one of the more primitive 
coleopterous genital tubes. 

The phallus of C. a. destructor is characteristic of Elateridae in that it is 
bilaterally symmetrical and trilobed. It differs little from that of other 
elaterid species, the differences being mainly in the shapes of the sclerites. 
This characteristic has been used fairly extensively in taxonomy. 

The internal organs of reproduction of male beetles differ mainly in the 
number of sperm tubes in the testes, and in the number and type of glands. 
In general, there are more sperm tubes in the testes, and more pairs of glands, 
in elaterids than in most other beetles. Several species of Coleoptera have 
a special pair of glands to secrete the spermatophore. This condition also 
exists in C. a. destructor. 

There are few variations in the structure of the internal reproductive organs 
in the elaterids described in the literature. There are 40 sperm tubes in each 
testis of Agrypnus murinus (L.) (Dufour (3)) and Agriotes obscurus (Horst (4)). 
In C. a. destructor there are 48, and in C. aena and C. lata (Horst (4)) there are 
50 to 60. The ejaculatory duct varies among the species mainly in the extent 
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of the dorsoventral curvature. The bifurcation observed at the base of this 
duct in C. a. destructor is not described in the other species. Dufour (3), 
Bordas (2), and Horst (4) noted three pairs of glandlike structures in the elater- 
ids they studied. Dufour called them all seminal vesicles, and Bordas and 
Horst called them all glands but indicated that the ventral pair did function 
in part as seminal vesicles. A comparison of these paired structures with those 
of C. a. destructor indicates that the accessory glands are homologous with the 
dorsal seminal vesicles of Dufour, the dorsal glands of Bordas, and the small 
lateral glands of Horst; that the spermatophoral glands are homologous with 
the main seminal vesicles of Dufour, with the main or central glands of Bordas, 
and with the large lateral glands of Horst; and that the seminal vesicles are 
homologous with the ventral seminal vesicles of Dufour and with the ventral 
glands of Bordas and Horst. Hyslop (5), in his brief description of the male 
reproductive organs of Pyrophorus sp., apparently mistook the spermatophoral 
glands for the testes, and the anterior forks of the ejaculatory duct for the 
“seminal ducts’. The structures labelled accessory glands in his illustration 
appear homologous with the accessory glands of C. a. destructor. A pair of 
vesicles, illustrated by Hyslop but not labelled, appear to be homologous with 
the seminal vesicles of C. a. destructor. 

The form of the glands, particularly that of the large spermatophoral 
glands, appears to vary considerably in the elaterid species described. In 
C. a. destructor the form of these glands was consistent in all the individuals 
examined. This character may prove valuable in taxonomic studies within 
the family. 


Female Reproductive System 


External Genitalia* 

The ovipositor (external genitalia) (ExGen, Fig. 17) is a somewhat rigid, 
tubular organ formed by the ninth segment, the appendages of this segment, 
and a vestige of the tenth segment. The sclerites of the genitalia consist of 
paired lateral basal plates, each with an apodeme (the fused second valvifers 
and hemitergites of the ninth segment), paired distal plates and palpi (the 
gonocoxites), a small median ventral rod (a vestige of the median portion of 
the ninth sternum), and the dorsal anal plate (the tenth tergum). 

The lateral basal plates, with their apodemes, are the largest sclerites of 
the female genitalia. Each sclerite consists of a slightly convex, somewhat 
rectangular plate, a hemitergite of the ninth segment (IXT, Figs. 17-19), 


*The terminology of Tanner (11) was adopted for the sclerites of the genital appendages. 


Fics. 17-19. Extruded posterior abdominal segments and external genitalia of female 
beetle. Fig. 17. Dorsal view. Fig. 18. Ventral view. Fig. 19. Lateral view. 

Fic. 20. Longitudinal section through retracted posterior abdominal segments and 
external genitalia of female beetle, diagrammatic. 

Fic. 21. Internal reproductive system of female beetle, dorsal view. 

Fic. 22. Longitudinal section through uterus and common oviduct, diagrammatic. 

Fic. 23. Transverse section through posterior region of the fourth abdominal segment 
of female beetle. 
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the posterior margin of which is setose; and a heavily sclerotized ventral rod, 
the second valvifer (2Val). The ventral margin of each hemitergite is fused 
to the posterior portion of a valvifer. The anterior portion of each valvifer 
extends anteriorly in a spatula-shaped apodeme. These apodemes impart 
rigidity to the largely membranous body of the ovipositor, and serve as points 
of attachment for muscles that activate the ovipositor. 

The gonocoxites (Gncx, Figs. 17-19) articulate on the posterior margins of 
the valvifers and, with the latter, form the genital appendages of the ninth 
segment. There are no appendages of the eighth or tenth segments in this 
beetle. Each gonocoxite consists of a sharply convex basal sclerite that ter- 
minates in a posterodorsal point, and a tubular, lightly sclerotized, heavily 
setose terminal palpus (P/p). The entire suface of the basal sclerite, which is 
cleft ventrally, is also setose. There is a microscopic protuberance, the vesti- 
gial stylus (vSty), in a depression on the posterolateral wall of each palpus. 
The external opening of the genital tube, the vulva (Vul, Figs. 17-20), is in a 
membrane between the palpi of the gonocoxites, opposite the posterodorsal 
points of the basal gonocoxal sclerites. 

The ventral surface of the ovipositor is membranous except for a small, 
spindle-shaped sclerite, a vestige of the middle portion of the sternum of the 
ninth segment (I XS, Figs. 18, 20), which is opposite the points of articulation 
of the gonocoxites on the valvifers. The basal portion of the ovipositor is 
also membranous dorsally. When the ovipositor is retracted this membrane 
folds to form a small cavity, apparently a vestige of the invagination cavity 
of the ninth segment (vesiCav, Fig. 20), which is homologous with the genital 
pocket of the male. 

There is a small sclerite, the tergum of the tenth abdominal segment (XT, 
Figs. 17, 19, 20), on the dorsal surface of the ovipositor, between the postero- 
dorsal margins of the hemitergites of the ninth segment. The lateral margins 
of this sclerite taper posteriorly to a rounded tip, and the anterior margin is 
deeply cleft medially. The surface of the tenth tergum is finely pubescent. The 
anal opening (An, Figs. 19, 20) is in a membrane beneath the posterior portion 
of this plate. 


Genital Chamber 
The genital chamber of the female beetle consists of a vagina and a uterus. 
The vagina (Vag, Figs. 19-22) is a large median tube ventral to the rectum 

(Rect, Figs. 19-21). It extends from the sixth segment to the ninth, its distal 

orifice, the vulva (Vul, Figs. 17-20), being posterior to the anal opening. The 

vagina serves a dual purpose: it is the exit tube for the internal genital organs 
and it serves as a copulatory chamber. The latter (copCh, Figs. 19, 20) is 
an enlarged section of the vagina located between the apodemes of the second 
valvifers. The tip of the aedeagus and the everted endophallus of the male 
enter this chamber during mating. 

The uterus (U?rs, Figs. 21-23) is the bulbous anterior extension of the vagina. 

The ventral wall of the middle portion of the uterus is invaginated to form a 

median uterine process (UtPr, Figs. 22, 24). The common oviduct, which is 
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joined to the ventral wall of the uterus, traverses the posterior portion of the 
uterine process and empties, by means of the gonopore (Gpr, Fig. 22), into 
the lumen of the uterus. The gonopore is situated on the uterine process just 
posterior to its apex. The ventral and ventrolateral walls of the anterior 
portion of the uterus form a canal (CI, Figs. 22-24) that is continued posteriorly, 
between a pair of medially directed projections of the dorsolateral walls of 
the uterine process, to the apex of the process. Thus, this canal leads from 
the lumen of the spermatophoral receptacle to the apex of the uterine process, 
and empties just above the gonopore. It directs the seminal fluid, the secre- 
tion of the accessory gland, and the fluids from the dissolving spermatophore 
from the base of the spermatophoral receptacle upon the eggs as they pass 
through the gonopore. 

The histology of the walls of the uterus is similar to that of the vagina. 
The lumen (Lum, Figs. 24, 25) of both structures is surrounded by an intima 
(In), which is enclosed by the epithelium (pth) that secreted it. The epi- 
thelial layer is enveloped by a sheath of circular muscles (Mc). 


Spermatophoral Receptacle and Spermatheca 
The spermatophoral receptacle (SptphRe, Figs. 21, 23) is an anterior exten- 
sion of the uterus, extending from the sixth to the fourth abdominal segment, 
where it folds ventrolaterally and posteriorly to terminate in the sixth segment. 
Hence, it is a large, median, U-shaped structure, with the arms of the “‘U”’ di- 
rected posteriorly. The dorsal arm is continuous with the uterus; the ventral 
arm, to the tip of which the spermatheca is attached, is free. The lumen 
(Lum, Fig. 26) of the spermatophoral receptacle is enclosed by an intima (Jn) 
with numerous heavily sclerotized hollow spines (Spi). This spinose intima 
is surrounded by an epithelial layer (Epth), of which a multicelled process 
extends into the base of each spine. The epithelial layer is ensheathed by 
circular muscles (Mc/) continuous with the muscular sheath of the uterus. 
The spermatheca (Spta, Figs. 21, 23) is a blind tube joined directly to the 
tip of the free arm of the spermatophoral receptacle. From this juncture it 
folds anteriorly to lie alongside the spermatophoral receptacle. It terminates 
in the fourth segment. The lumen of the spermatheca (Lum, Fig. 27) is 
enclosed by an epithelial layer (Epth), which is ensheathed by a layer of 
muscular tissue (Mc/). 


Accessory Gland and Reservoir 

The accessory gland (AcGl, Figs. 21, 23) consists of a mass of tubules that 
ramify among the visceral organs of the fourth to sixth segments. The tubules 
consist of a thick layer of glandular columnar epithelial cells (Epth, Fig. 28) 
bounded by a basement membrane (BM) and enclosing a small, slitlike lumen 
(Lum). The cytoplasm of the epithelial cells stains deeply with hematoxylin 
so that the nuclei of these cells are barely discernible. It contains many small 
vacuoles, which probably contain the cellular secretion. The lumen is bounded 
by a layer of small oval bodies that stain black with hematoxylin. The 
nature and function of these bodies is not known. 

















Sloe) ee ee ee ry: 
a ee 
Port Ariyetts APS See = > 


0 
w 
= 
Ss 
* 
. 
2 
> 
» 
Oo 
o 
8 
N 
gq 
° 
4 
< 
Z 
~ 
=) 
° 
=a 
Z 
< 
_— 
A 
< 
Zz 
< 
Oo 





ZACHARUK: PRAIRIE GRAIN WIREWORM 743 


The accessory gland reservoir (RsvrAc, Figs. 21, 23) is a tubular pouch that 
empties into the dorsal arm of the spermatophoral receptacle through the 
dorsal wall, near the base of the “U”’ of this structure. From this juncture the 
reservoir extends posteriorly to the sixth segment, folds anteriorly, dorsal to 
the spermatophoral receptacle, and terminates in the fourth segment. The 
duct of the accessory gland (dAcG/) empties into the reservoir through the 
wall within the fold of the pouch. The basal portion of the reservoir is similar 
histologically to the spermatophoral receptacle except that the intima of the 
former is only partly spinose. It functions as a reservoir for the accessory 
gland secretion, but it also contains an arm of the spermatophore after mating. 
The distal portion of the reservoir, which appears similar histologically to the 
spermatheca, may also be secretory in function. 


Oviducts 

Paired lateral oviducts (Odl, Figs. 21-24) extend from the paired ovaries to 
the sixth segment, where they empty into the short, median common oviduct 
(Odc, Figs. 22, 24). The common oviduct opens into the uterus in the same 
segment. The lateral oviducts are branched anteriorly, within and immed- 
iately posterior to the ovaries. Several ovarioles are attached to and open into 
each branch. The lateral oviducts are constricted into several successive 
chambers, or egg calices (Clx, Fig. 21), the main ones of which are just posterior 
to the ovaries. Eggs are stored in these chambers for short periods before 
their deposition. The oviducts consist of a lumen (Lum, Fig. 30) enclosed by 
a layer of epithelial cells (Epth, Figs. 24, 30). The epithelium is ensheathed 
by muscular tissue (Mcl). 

The positions of the proctodaeum (Proc), cinlintatilien tubules (Mal), and 
ventral nerve cord (VNC) in relation to the female reproductive organs are 
indicated in Fig. 23. 


Ovaries 

Before mating takes place, thé paired ovaries (Ov, Fig. 21) are situated in the 
dorsolateral region of the third and fourth segments of the abdomen. After 
the beetles have mated, as egg development accelerates, the ovaries increase in 
size until, during the peak of egg production, they occupy the major portion of 
the abdomen from the second to the sixth segment. Numerous filaments 
(OvFil) arise from the anterior portion of each ovary. They join medially in 
the second abdominal segment to form a median ovarial suspensory ligament 
(OvLig), which is inserted in connective tissue within the fat body of the first 
abdominal segment. The filaments and the median ligament form the sus- 
pensory apparatus of the ovaries. 


Transverse section through uterus and common oviduct of female beetle. 
Transverse section through part of the uterine wall. 

Transverse section through part of wall of spermatophoral receptacle. 
Transverse section through part of wall of spermatheca. 

Transverse section through accessory gland of female beetle. 
Spermatophore as removed from spermatophoral receptacle. 

Transverse section through lateral oviduct. 

Longitudinal section through ovariole at time of mating. 

Longitudinal section through ovariole 5 days after mating. 
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In an examination of two beetles, 56 ovarioles (Ovr, Fig. 21) were found in 
each ovary. Each ovariole consists of a terminal filament (7F, Figs. 31, 32), 
an egg tube (ET), and a pedicel (Pdcl, Figs. 21, 31, 32), all enclosed by a thin 
membrane, the tunica propria (Tp, Figs. 31, 32). 

The terminal filament and pedicel are similar to those of most insects des- 
cribed by Snodgrass (10). However, the epithelium of the pedicel (Epth) is 
enclosed by a muscular sheath (Mc/), which is continuous with that of the 
branch of the lateral oviduct (brOd/, Fig. 31) to which the pedicel is attached. 

The egg tube is of the acrotrophic type. It consists of a germarium (Germ, 
Figs. 31, 32) and a vitellarium (V7‘), whose cellular constituents and their 
development are similar to those of most insects with this type of egg tube 
described by Snodgrass (10). 

The germarium does not change appreciably from the time of mating to the 
end of the oviposition period. It consists of apical germ cells (GrmC); large, 
axial o6gonia (Oog); medium-sized, axial trophocytes (Trc); small, peripheral 
cystocytes (Cstc); and large, elongate, basal nurse cells (NrC). Only the 
latter can be readily identified. The remaining cellular elements of the ger- 
marium stain similarly, and can be distinguished with some difficulty only by 


their relative sizes and their positions within the tube. 

The vitellarium consists of axial o6cytes (Ooc) spaced singly along the tube 
in individual chambers or follicles (Fol). At mating there are only one or two 
small odcytes in the vitellarium. After mating they increase in number to 


five or more, those towards the base of the tube being in progressively later 
stages of development. Each oécyte, except for a few anteriormost, is envel- 
oped by a layer of follicular epithelium. The follicular epithelium of the anter- 
iormost odcytes is confined to the periphery of the egg tube, with the par- 
titioning walls between the odcytes absent or only partially formed. These 
odécytes are joined to the nurse cells by protoplasmic strands (ms) through 
which the young odécytes are nourished. As the epithelial walls between the 
odcytes are completed, and each ojcyte becomes surrounded by the follicular 
epithelium, the protoplasmic connection with the nurse cells is lost. From 
this stage onward the odcyte appears to be nourished to maturity by the fol- 
licular epithelium, which probably derives the nutritive material from the 
fat tissue surrounding the ovaries. 

The young oécyte consists of a large, lightly staining nucleus (Nu, Figs. 31, 
32) surrounded by a thin layer of deeply staining cytoplasm (Cyt). The 
cytoplasm is bounded by a thin vitelline membrane (Vitm, Fig. 32). While 
the odcyte is nourished by the nurse cells it acquires a considerable amount of 
cytoplasm. By the time the protoplasmic connection with the nurse cells is 
lost, small yolk granules (yk) have appeared in the cytoplasm of the odcyte, 
along the periphery. During subsequent development the quantity and size 
of the yolk granules in the cytoplasm of the odcyte increase rapidly until, in 
the fully developed odcyte, they occupy the major portion, except for a thin 
cytoplasmic layer around the nucleus and another along the periphery. The 
two cytoplasmic layers are probably connected by thin strands of protoplasm 
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in which the yolk granules are enmeshed but, with the stains used, such strands 
were not observed. At this stage the cytoplasm of the egg stained with eosin 
to the same intensity as did the yolk, making differentiation difficult. 
Throughout the development of the odcyte the nucleus does not change in 
appearance, but it does shift from a central position in the young odcyte to a 
peripheral one in the fully developed egg. In the final stages of egg develop- 
ment the egg is enveloped by a thin, tough chorion secreted by the surrounding 
follicular epithelium. 

Before the fully developed egg leaves the ovariole the posterior portion of 
the follicular epithelium ruptures. The egg now slips out of the follicular 
envelope and out of the egg tube. The emptied portion of the egg tube and 
the ruptured follicular epithelium crumple, and the latter is assimilated before 
the next egg in the ovariole begins its passage out of the egg tube, as described 
by Snodgrass (10). 

The number of eggs that each ovariole is capable of producing appears to 
be unlimited. However, the number of fertile eggs laid is limited, probably 
by the amount of nutritive material present as fat tissue in the female at the 
time of mating, and by the amount of feeding done by the female after mating. 
The fat tissue surrounding the spermatheca is the last to be assimilated in the 


life of the beetle. 


Discussion 
The ovipositor of female Coleoptera, according to Tanner (11), is formed 


from the ninth segment and the gonopods of this segment. He terms the 
separate sclerotized portions of the ovipositor the valvifers, the coxites, the 
styli, and the paraprocts, and considers the paraprocts as probable derivatives 
of the ninth tergum, the coxites and styli as derivatives of the gonopods of 
the ninth segment, and the valvifers as the sclerotized portions of that part 
of the ninth sternum adjacent to the coxites. In some beetles the coxites are 
secondarily divided. Where reduction occurs it is the styli and valvifers that 
seem to disappear leaving only the coxites. 

In Elateridae, Tanner characterizes the ovipositor as having small styli and 
coxites, the latter being ventrally divided and pointed at the place of articula- 
tion with the valvifer. The valvifers are long baculae. He based this char- 
acterization on a study of Ctenicera maura (Lec.) and Melanotus communis 
(Gyll.). The ovipositor of Agriotes obscurus, as described by Horst (4), is 
similar to that found in the above species. 

In C. a. destructor the dorsal membrane of the ovipositor (dmen, Fig. 17) is, 
in part, the median membranous portion of the ninth tergum (IXT, Fig. 20). 
This relationship is suggested by the presence of the membranous fold forming 
the vestige of the invagination cavity of the ninth segment when the ovipositor 
is retracted. ‘The anterodorsal margins of the hemitergites of the ninth seg- 
ment are continuous with the dorsal membrane, and the posterodorsal margins 
of these plates are closely connected to the lateral margins of the tenth tergum, 
a condition that exists between the ninth and tenth terga of the male. In some 
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specimens, the hemitergites are separated from the valvifers by lightly sclero- 
tized areas. These conditions suggest that the plates fused to the valvifers 
are vestiges of the ninth tergum, the main portion of which is membranous. 
The heavily sclerotized valvifers appear to be derived from those areas of the 
ninth sternum that are normally adjacent to the bases of the coxites, as pro- 
posed by Tanner. The main portion of the ninth sternum is represented by 
the ventral membrane of the ovipositor (ymen, Fig. 18), with but a vestige of 
the sclerotized sternum remaining as the small median rod. This sclerite 
appears to have a function homologous with that of the ventral sclerotized 
rod of the aedeagus of the male phallus. 

The ovipositor of this beetle is similar to that of Agrypnus murinus and 
Ctenicera aena, as described by Horst, and to C. lata and C. cruciata, as de- 
scribed by Wandolleck (12). In these species the hemitergites of the ninth 
segment (termed paraprocts by Tanner) and the tenth tergum are distinct 
sclerites. The apodemes of the valvifers are short, as is the apodeme of the 
eighth sternum. The distal portions of the coxites are palplike and heavily 
setose, and the styli are vestigial. In C. maura, M. communis, A. obscurus, 
and Elater ferrugineus the valvifers are strikingly long rods, as is the apodeme 
of the eighth sternum. The hemitergites of the ninth segment are absent, and 
the tergum of the tenth segment is not distinct. In E. ferrugineus, Wandolleck 
described the tenth tergum as fused between the posterior portions of the valvi- 
fers, but no mention was made of it in the other three species. In these 
species the coxites are generally completely sclerotized, with no palplike por- 
tions, and they bear small styli. 

The internal reproductive organs of C. a. destructor differ somewhat from 
those of A. obscurus described by Horst, although the arrangement of parts is 
largely similar. The pouch that extends anteriorly from the uterus in the 
former species appears to be homologous with the copulatory pouch (bursa 
copulatrix) in the latter species. However, as it is not entered by the intromit- 
tent organ during mating but, rather, receives the spermatophore, it has been 
termed the spermatophoral receptacle. Horst found a gelatinous substance 
containing numerous bunches of spermatozoa in the copulatory pouch of 
A. obscurus during May and June, and Bissel (1) noted a thick, white substance, 
and sometimes eggs, in the copulatory pouch of Curculio caryae (Horn). 
These appear to have been spermatophores also. If so, the spermatophoral 
receptacle of C. a. destructor is homologous in function with the copulatory 
pouch of A. obscurus and of C. caryae. The sclerotization of the intima of 
the spermatophoral receptacle in C. a. destructor differs considerably from that 
within the copulatory pouch of A. obscurus. In the former the intima is 
densely spinose over the entire inner surface. In the latter a portion of the 
intima is heavily sclerotized into two plates that bear heavily sclerotized 
tubercles, whereas the remaining portion of the intima is clear. In the latter 
species Horst also noted a pair of accessory glands that open into the vagina at 
the base of the copulatory pouch. These glands are absent in C. a. destructor. 
There are more ovarioles in each ovary in this species than in A. obscurus. 
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The differences in structure of the ovipositor and the internal reproductive 
organs discussed above suggest probably slight differences in the processes 
of reproduction between widely separated elaterid species, as are C. a. de- 
structor and A. obscurus. However, these differences in structure appear to 
have great potentialities in the systematics of elaterid species in the genus 
Ctenicera and within the family as a whole. 


Reproduction 
Mating 

The male beetles emerge from their pupal cells in the spring one or two days 
before the females. If the soil surface temperature remains above 70° F, 
the males crawl about haphazardly in an apparent search for females. When 
the female beetles emerge, the males are quickly attracted to them. This 
attraction appears to be of a chemical nature. Mating occurs immediately, 
generally in soil cracks or under some form of cover near the emergence tunnel 
of the female. As there are normally three male for every two female beetles, 
most of the latter are usually located and fertilized the day they emerge (15). 

Before the mating act the male, when attracted to a female, proceeds to 
stroke the pronotum of the female vigorously with its antennae. During this 
simple courting play the male extrudes the genital segments and the phallic 
organ until the latter is directed anteriorly beneath the seventh sternum. 
While both beetles face in the same direction the male inserts the phallic 
organ into the genital pocket, within the eighth segment, of the female. The 
aedeagus enters the vaginal cavity, while the parameres become anchored, by 
lateral pressure of their hooked and spinose tips, in the lateral walls of the 
genital pocket, anterior to the eighth spiracles, of the female. The coxites 
assume a position one on each side of the aedeagus between this organ and a 
paramere. 

When the phallic organ is thus fastened in the genital pocket of the female 
the male turns to face in the opposite direction. As the male turns, the phallus 
is rotated 180 degrees on its longitudinal axis in relation to the body of the male. 
The twist occurs in the second connecting membrane of the phallus so that 
the phallus does not turn in the female genital pocket. The male now retracts 
the eighth and ninth segments and, at the same time, the distal portion of the 
ejaculatory duct is protracted through the phallotreme. The endophallus 
thus becomes everted and is anchored in the vagina by the expansion of its 
spinose walls against the walls of the copulatory chamber. The spinose ventral 
membrane of the aedeagus is expanded against the vaginal walls at the same 
time and the aedeagus is thus anchored within the vagina. 

The beetles remain joined in this manner for 10 to 25 minutes. During 
this period the spermatophore is formed and charged with seminal fluid in the 
ejaculatory duct, and the sealed cylindrical spermatophore is ejected by the 
male into the vagina of the female. From the vagina the pliable spermato- 
phore is forced through the uterus, probably by the action of the circular 
muscles of the vagina and uterus, into the spermatophoral receptacle. 
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When the transfer of the spermatophore is completed the beetles disengage 
and search cover (under stones, lumps of soil, debris, in soil cracks, etc.). 
The females remain inactive for an average period of 10 days. This is the 
preoviposition period during which the eggs develop and mature. The males 
remain under cover in an inactive state until their death, usually a month 
after mating (15). 

The beetles were not observed to mate more than once. In males after 
mating, the sperm tubes continue to produce a limited number of spermatozoa, 
and the spermatophoral glands produce a small amount of secretion. This 
secretion is never great enough after mating to enable a second spermatophore 
to be formed. Within a week after mating the internal reproductive organs 
begin to histolize, and at death these organs are largely replaced by a brownish 
fluid. Males that fail to mate generally remain active on the soil surface, 
searching cover in unfavorable weather, until their natural death 1 to 2 months 
after spring emergence. Unmated males were not attracted by fertilized 
females. When they came in contact with the latter by chance they usually 
attempted to mate, but were rejected, making accidental second matings 
impossible. 


Preoviposition and Oviposition Periods 

Within one day of mating the spermatophore (Sptph, Fig. 29) occupies the 
entire lumen of the spermatophoral receptacle and a portion of the uterus of 
the female beetle. An arm of the spermatophore (amS) extends into the base 
of the accessory gland reservoir. At this time an orifice (or) is present in 
the anterior wall of the spermatophore, directly opposite the opening of the 
spermatheca, and the spermatozoa have moved out of the spermatophore, 
through the orifice, into the spermatheca. They remain in the spermatheca 
in a tightly packed bundle, parallel to the longitudinal axis of the spermatheca, 
until the eggs are ready for fertilization. “They are probably nourished during 
this storage period by the epithelium of the spermatheca from the fat tissue 
surrounding it. 

When the spermatophore is emptied of spermatozoa it is not discarded, as 
in numerous other insects that use the spermatophore for transfer of the semen 
from the male to the female. In this beetle the spermatophore is slowly 
dissolved. The secretion of the accessory gland appears to be primarily 
responsible for the dissolution of the spermatophore. The arm and those 
parts of the main body of the spermatophore that are in contact with the 
spines of the spermatophoral receptacle are dissolved most rapidly. The 
spermatophore was observed in the spermatophoral receptacle, in diminishing 
proportions, throughout the preoviposition and oviposition periods of the 
female. 

Indications are that as fully developed eggs move out of the egg calices 
through the gonopore, into the uterus, the spermatozoa move out of the 
spermatheca through the spermatophoral receptacle and along the canal, in 
fluids from the dissolving spermatophore, onto the eggs. The eggs are thus 















coated with a gelatinous fluid containing spermatozoa. The latter enter the 
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micropyles of the eggs, which are thus fertilized, generally before oviposition. 
When the eggs are deposited in the soil, numerous soil particles adhere to the 
coated egg surfaces. In moist soil the gelatinous egg coating remains pliable, 
but under dry conditions this coating hardens. 

The normal oviposition period lasts up to six weeks. During this period 
the females change oviposition sites and feed above ground occasionally. The 
eggs are not laid in compact masses, but are scattered individually within 
confined areas at each oviposition site. In laboratory trials the beetles laid 
an average of approximately 300 eggs each. All the eggs produced are not 
always laid, as many dead females were collected in the field with fully devel- 
oped eggs still within the egg calices or within the uterus (15). 

C. a. destructor is unable to reproduce parthenogenetically. In one instance, 
an unmated female laid over 100 eggs in the laboratory 3 months after the 
normal oviposition period, but all the eggs were sterile. 


Discussion 

Wigglesworth (13) indicated that many insects, including various Coleoptera, 
utilize a spermatophore for the transfer of sperm from the male to the female. 
He noted that more than one spermatophore may be found in the genital 
pouch of some female insects, and that the male may produce more than one 
spermatophore. Roth and Willis (8) found that a spermatophore is used for 
the transfer of sperm in many cockroaches. They also noted that the female 
may copulate and receive a spermatophore more than once, and that the male 
may also copulate and produce a spermatophore more than once. In these 
insects the empty spermatophore may be carried by. the female for several 
days, but it is eventually discarded and, in some species, devoured by the fe- 
male. In C. a. destructor the empty spermatophore is not discarded by the 
female, but is slowly dissolved in the spermatophoral receptacle. 

In Elateridae, Woodsworth (14) indicated that male beetles of Limonius 
canus Lec. may copulate with and fertilize up to five females, but whether the 
female mates more than once is not known. He noted that this species does 
not reproduce parthenogenetically. C. a. destructor is also unable to reproduce 
parthenogenetically. Unlike L. canus, the male beetles cannot mate more 
than once. Nor were the females observed to mate more than once. In 
L. canus the ratio of males to females is 1:1, whereas in C. a. destructor it is 
3:2. In the former species, fertilization of all the females is ensured by the 
males mating more than once, and in the latter species fertilization of all the 
females is ensured by the preponderance of males over females. 
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ABBREVIATIONS USED IN FIGURES 


AcGl—accessory gland; adPr—anterodorsal process of the aedeagus; 
Aed—aedeagus; amS—arm of the spermatophore; An—anus; Apa—apo- 
deme of the aedeagus; ApC/—apical cell complex; Ap8&S—apodeme of the 
eighth sternum; ASp—abdominal spiracle; BM—basement membrane; 
brOdi—branch of the lateral oviduct; c—cytoplasmic process of the vas defer- 
ens and vas efferens; CCav—coxal cavity; Cl—uterine canal; Clx—calyx; 
CM1i—first connecting membrane; CM2—second connecting membrane; 
CMcl—circular muscle; conv—convoluted portion of the vas deferens; 
copCh—copulatory chamber; Cstc—cystocyte; CstC—cyst cell; Cyt— 
cytoplasm; dAcGl—duct of the accessory gland; Dej—ejaculatory duct; 
dmen—dorsal membrane of the female genitalia; Enph—endophailus; Epth— 
epithelium; Epym—epididymus; ESh—epithelial sheath; ET—egg tube; 
ExGen—external genitalia; FlEpth—follicular epithelium; Fo/—follicle; 
For—foramen of the aedeagus; Germ—germarium; G/Pr—glandular pro- 
cess of the ejaculatory duct; Gncx—gonocoxite; GP—genital pocket; Gpr— 
gonopore; GrmC—germ cell; iCav—invagination cavity of the eighth seg- 
ment; Jn—intima; LMcl—longitudinal muscle; Lum—lumen; Mal—mal- 
pighian tubule; Mcl—muscle; NrC—nurse cell; s—protoplasmic nutritive 
strand; Nu—nucleus; nutrbo—nutritive body; Odc—common oviduct; Odl— 
lateral oviduct; Ooc—oécyte; Oog—odgonium; vr—orifice of the sper- 
matophore; Ov—ovary; OvFil—ovarial filament; OvZig—ovarial ligament; 
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Ovr—ovariole; P—peritoneum; Pdcl—pedicel; Phb—phallobase; Phir— 
phallotreme; p/g—epithelial plug; P/p—terminal palpus; Pmr—paramere; 
Proc—proctodaeum; Rect—rectum; Rsvr—erection fluid reservoir; RsvrAc— 
reservoir of the accessory gland; S—sternum; secr—secretion; sens—sensory 
pores of the aedeagus; Spc—spermatocyte; SpCst—sperm cyst; Spg—sper- 
matogonium; Spi—spine of the spermatophoral receptacle; Spt—spermatid; 
SpT—sperm tube; Spta—spermatheca; Sptph—spermatophore; SptphGl— 
spermatophoral gland; SptphRc—spermatophoral receptacle; Spz—sper- 
matozoa; J—tergum; Tes—testis; JF—terminal filament; Tp—tunica 
propria; JTrc—trophocyte; UtPr—uterine process; Utrs—uterus; Vag— 
vagina; Val—valvifer; Vd—vas deferens; Ve—vas efferens; vestCav— 
vestige of the invagination cavity of the ninth segment; Vzt—vitellarium; 
Vitm—vitelline membrane; vmen—ventral membrane; VNC—ventral nerve 
cord; vP/GP—ventral plate of the genital pocket; vr—ventral rod of the 
aedeagus; Vsm—seminal vesicle; vSty—vestigial stylus; Vul—vulva; yk— 
yolk granules. 
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POSTEMBRYONIC DEVELOPMENT OF THE REPRODUCTIVE 
SYSTEMS OF THE PRAIRIE GRAIN WIREWORM, 
CTENICERA AERIPENNIS DESTRUCTOR (BROWN) 

(COLEOPTERA : ELATERIDAE)' 


RuSSELL Y. ZACHARUK? 


Abstract 


In the male larva of Ctenicera aeripennis destructor (Brown), the reproduc- 
tive system consists of paired mesodermal gonads situated in one of the second to 
fifth segments of the abdomen, an ectodermal genital capsule and paired meso- 
dermal ampullae situated in the ninth segment of the abdomen, and a pair of meso- 
dermal cell strands that connect the gonads to the ampullae, In the female larva, 
the reproductive system consists of paired mesodermal gonads situated similarly 
to those of the male, paired mesodermal ampullae situated at the posterior margin 
of the seventh segment, and a pair of mesoderma! cell strands that connect the 
gonads to the ampullae. During the larval stage, prepupal period, and pupal 
stage, the gonads and cell strands of the male develop into testes and vasa 
deferentia, respectively, and those of the female, into ovaries and lateral oviducts, 
respectively. In the male, during the prepupal period and pupal stage, the 
ampullae develop into the paired spermatophoral and accessory glands and the 
seminal vesicles; the genital! capsule develops into the ejaculatory duct and 
external genitalia. In the female, during the prepupal period and pupal stage, 
the ampullae develop into the common oviduct; the vagina forms from a groove 
in the ventral epidermis of the eighth and ninth abdominal segments; the uterus, 
spermatophoral receptacle, spermatheca, accessory gland, and its duct develop 
from invaginations in the vaginal groove in the eighth abdominal segment; the 
external genitalia develop from ridges on the sternal epidermis of the ninth 
abdominal segment. 


Introduction 


The structures and functions of the reproductive systems of Ctenicera 
aeripennis destructor (Brown) are described in a preceding paper (12). The 
development of the reproductive organs of this elaterid was studied to aid in 
the identification of some of the structures, and to clarify some of the repro- 
ductive processes. This is a report on the study. 


Materials and Methods 


The larva of C. a. destructor normally has 10 instars (13). The first five 
instars and some of the later ones were reared from eggs in the laboratory. 
Most of the larvae in the last five instars were collected in the field, and the 
instar determined by the width of the ventral mouth parts (13). The pre- 
pupae, pupae, and adults were reared from last-instar larvae collected in the 
field in early July. 
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Serial sections were made from specimens killed in hot Bouin’s fluid at the 
following stages of development: first-instar larvae within a day of hatching; 
larvae in the remaining nine instars generally just after a molt; prepupae 
and pupae at several successive stages of development; and adults just after 
eclosion and at 1-, 2-, and 3-month inter¢als thereafter. The specimens were 
prepared for sectioning and the sections were stained by the methods used in 
the preceding study (12), except that the fixed specimens were soaked over- 
night, before dehydration, in a 1:1 solution of chloral hydrate and phenol. 
This aided in softening the chitin, and minimized tearing of the ribbons during 
sectioning. 

Two or more specimens of each sex of each larval instar were examined; 
in the prepupal period and the pupal and beetle stages, only one specimen of 
each sex at each stage of development was examined. 















Postembryonic Stages 






Larva 

The 10 segments of the abdomen of a mature larva are described by Glen 
(1). He notes that the first eight abdominal segments are similar in structure. 
Each of these segments consists of a bandlike tergum (VIIIT, Fig. 1), a plate- 
like sternum (VIIIS), a pair of laterotergites (Lig), and a pair of small pleurites 
(Pl). The paired eighth abdominal spiracles (8A Sp) are on the membranes 
between the tergum and the laterotergites. The ninth segment consists of a 
large tergal plate (IXT) that bears a pair of bifurcate urogomphi (Ur) posteri- 
orly, and small, paired sternites (IXS). The tenth segment (XSeg) is a 
short, tubular, ventral process that is situated between the ninth sternites 
and bears the anal opening (Am) atitstip. There is no reference as to whether 
the single annular sclerite of the anal process is the tergum, the sternum, 
or the fused tergum and sternum of the tenth segment. He mentions no 
external morphological characters by which the sexes of mature larvae could 
be distinguished. 

An invagination in the membrane between the ninth sternites, described 
in a later section, was observed in cross sections of some first- and second- 
instar larvae. This invagination, also visible externally under high magnifi- 
cation, was absent in other male larvae and in all the female larvae in the same 
instars. It is covered and is no longer visible externally in the third and later 
instars. Thus, some, but not all, of the male larvae in the first two instars 
can be distinguished while alive. No external morphological characters were 
found by which all the male larvae could be distinguished from the female in 
any instar. 























Prepupa 

The prepupal period comprises the last 2 to 7 days of the last larval instar. 
The prepupae normally appear during July, and can be found in earthen cells 
2 to 5 in. beneath the soil surface. In these cells they transform into pupae. 
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The structure of the abdomen of the prepupa is similar to that of the larva. 
However, the prepupa is relatively inactive, its abdomen is distended, and the 
abdominal segments are more rounded than in the larva. As in the later 
larval instars, no external morphological characters were found by which the 
sexes of prepupae could be distinguished. 


Pupa 

The pupae normally appear during July, and transform into adults during 
the latter part of July or the early part of August. The normal pupal period 
is 2 weeks. 

The abdomens of both sexes consist of nine segments, all visible exter- 
nally. The tenth tergum of the beetle is formed within the ninth segment of 
the pupa. The first seven segments of the abdomen (I to VII, Fig. 2) of the 
male pupa are similar to those of the female, and differ little in form from those 
of the adult. However, the sterna of the first six segments are not fused to 
each other as they are in the beetle. The coxal cavities are not formed in 
the pupa, and the first and second sterna, although reduced, are readily 
visible externally. 

The terga of the eighth and ninth segments of the abdomen of the female 
pupa are similar to those (VIIIT, IXT7, Fig. 2) of the male. The tergum of 
the eighth segment is bandlike, and is similar to the terga of the preceding seg- 
ments. The tergum of the ninth segment is a thick dorsal pad with a rounded 
posterior margin. It bears a pair of spinelike processes (Spi, Figs. 2-4) on 
the dorsal surfaces of the posterolateral margins. 

The sternum of the eighth segment is a bandlike structure of which, gener- 
ally, a greater length is exposed behind the seventh sternum of the female 
(VIILS, Fig. 4) than in the male (VIIIS, Figs. 2, 3). The sternum of the 
ninth segment of the male (IXS) is a small pad that is rounded posteriorly. 
A pair of lateral lobes (JL, Fig. 3) and a median lobe (mL) extend posteriorly 
between the tergum and sternum of the ninth segment. In the female the 
ninth sternum has given rise to the genital palpi (Plp, Fig. 4), within which 
the gonocoxites of the adult ovipositor develop. Vestiges of the ninth sternum 
(IX.S) can be discerned between and lateral to these palpi. In both sexes 
the lobes of the external genitalia (ExGen, Fig. 2) are covered dorsally by the 
large tergum of the ninth segment, and can be seen only from a ventral view. 


Beetle 

When the beetles shed the pupal exuviae they are very soft and white in 
color. In a few hours the integument darkens and hardens and in a day it 
has assumed the color and hardness of the emerged beetle. The beetles remain 
in the earthen cells, with the prepupal and pupal exuviae, until the following 
spring. In the spring they emerge to the soil surface, mate, and the females 
return into the soil to deposit their eggs (13). 

The segmentation and structure of the abdomen of both sexes of the beetle 
are described in a preceding paper (12). 
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Male Reproductive Organs 


Reproductive System of the First-Instar Larva 

The reproductive system of the first-instar male larva, within one day after 
hatching, consists vu! a pair of gonads (Gon, Fig. 5), a pair of vasa deferentia 
(Vd), and a pair of ampullae (Amp). 

The gonads are embedded in fat tissue, one on each side of the digestive 
tube, usually in the anterior portion of the fifth abdominal segment. They 
may be located in the fourth or, in rare instances, in the third or second 
abdominal segment. They average 0.035 mm in length and 0.015 mm in 
width. Each gonad (Gon, Fig. 6) consists of six lobes (LZ), each of which con- 
tains large, central germ cells (GrmC) and smaller, peripheral mesodermal 
epithelial cells (EpthC). Each lobe is enveloped by a delicate membrane 
(men). 

The ampullae (Amp, Fig. 7) are located in the anterior portion of the ninth 
abdominal segment on the basement membrane (BM) of the sternal epidermis 
(Epid), one on each side of the mid-line. Each ampulla consists of several 
cells enclosed by a thin membrane. In nine of the tén 1-day-old male larvae 
examined the epidermis of the ninth sternum showed signs of invagination 
(tEpid) between the ampullae. In the tenth larva, however, the epidermal 
invagination had occurred in the embryo and the invaginated cells had 
separated from the epidermis (Epid, Fig. 8) before hatching to form a median 
genital capsule (mCap). In this individual the ampullae (Amp) are attached 
to the lateral walls of the genital capsule. 

The vasa deferentia (Vd, Fig. 6) consist of a pair of cell strands which 
extend, one on each side of the digestive tube, from the posteroventral mar- 
gins of the gonads to the ampullae. Each strand is an irregular row of cells 
with large, lightly staining nuclei (nu Vd) bounded by a delicate, loose, tubular 
membrane (men). 


Development in the Larva 


Testes 
The testes increase considerably in size and change position in the abdomen 
during the larval period, especially during the later instars. In the fourth 


Fic. 1. Posterior segments of larval abdomen, lateral view. 

Fic. 2. Abdomen of male pupa, lateral view. 

Fic. 3. Posterior segments of abdomen of male pupa, ventral view. 

Fic. 4. Posterior segments of abdomen of female pupa, ventral view. 

Fic. 5. Reproductive system of first-instar male larva, dorsal view, diagrammatic. 

Fic. 6. Longitudinal section through gonad of first-instar male larva. 

Fic. 7. Transverse section ‘ina ninth segment of abdomen of first-instar male 
larva, showing ampullae. 

Fic. 8. Transverse section through ninth segment of abdomen of first-instar male 
larva, showing ampullae and median genital capsule. 

Fic. 9. Testis of second-instar male larva. A, outline, lateral view, diagrammatic. 
B, transverse section through anterior portion. C, transverse section through posterior 
portion. 

Fic. 10. Median genital capsule and ampullae of second-instar male larva. A, 
longitudinal section. B, transverse section through anterior portion. C, transverse 
section through posterior portion. 

Fic. 11. Testis of fourth-instar larva. A, outline, lateral view, diagrammatic. B, 
transverse section through anterior portion. C, transverse section through posterior 
portion. 
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instar they are approximately 0.04 mm long and 0.025 mm wide, and by the 
ninth instar they are approximately 0.5 mm long and 0.2 mm wide. In 
most of the larvae, they remain in the anterior portion of the fifth segment 
during the first six instars. In the seventh instar they move into the anterior 
portion of the fourth abdominal segment. During the remaining larval instars 
the posterior portion of the testes remains in this position, while the anterior 
portion extends anteriorly into the third segment with the growth of these 
organs. 

In the second instar the membrane that envelops each primary lobe of the 
gonad disappears, leaving a single membrane enveloping all the gonadal cells. 
The epithelial and germ cell nuclei, which are not well differentiated in the 
first instar, are easily distinguished at this stage. The peripheral epithelial 
cell nuclei (EpthC, Fig. 9B, C) are small and stain deeply. They enclose the 
germ cells (GrmC), which stain lightly and are about double their size. At 
the juncture of the vas deferens with the gonad the epithelial cells have 
proliferated to form a somewhat cylindrical structure, the primordium of 
the epididymus (pEpym, Fig. 9C). 

During the third instar the gonads increase in size, but change little other- 
wise. By the fourth instar a thin peritoneal sheath (P, Fig. 11C) envelops 
the epithelial (EpthC, Fig. 11B, C) and germ (GrmC) cells and the primordium 
of the epididymus (pEpym, Fig. 11B). The primary lobes (ZL, Fig. 11A) 
can still be discerned but, with further growth of the testes; they become less 
distinct. Vestiges of these lobes still remain in the fifth instar (Z, Fig. 13A), 
but are no longer noticeable in the sixth instar. 

In the fifth instar the epithelial cells (EpihC, Fig. 13B, C) are considerably 
flattened and form a layer along the periphery of the testes. The germ cells 
(GrmC) have begun to push through the epithelial cell layer at the anterior 
and posterior portions of the testes. These cells form small, secondary 
testicular lobes, the primordial sperm tubes (SpT, Fig. 13C), each of which 
initially contains one germ cell. The germ cells multiply rapidly and con- 
tinue to push through the epithelial sheath during the fifth and sixth instars 
and, by the end of the latter, the primordial sperm tubes (Sp7, Fig. 14A) 
cover all but the ventral surface of the testes (Tes). As the sperm tubes are 
formed, the epithelial sheath loses its distinctness. Some of the epithelial 
cells move to the periphery of the sperm tubes, while others remain near the 
base of the lobes. A peritoneal sheath still envelops each testis (P, Fig. 14B). 

In the seventh instar the primordial sperm tubes become more completely 
partitioned from each other. By the eighth instar the partitioning is completed 
and each sperm tube takes on a knob-like appearance (SpT, Fig. 15A, B). 
The germ cells (GrmC, Fig. 15B) are concentrated in the bulbous distal 
portion of the tube, while most of the epithelial cells are in the narrowed 
basal portion or vas efferens (Ve). However, some epithelial cells still remain 
along the periphery of the sperm tubes. The peritoneal sheath has dis- 
appeared, and only a thin membrane envelops each sperm tube. 
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The primordium of the epididymus increases rapidly in size after its form- 
ation in the second instar. By the sixth instar it occupies all but the anterior 
portion of the ventral part of the testis (pEpym, Fig. 14). In the eighth 
instar, with the partitioning of the sperm tubes completed, the primordial 
epididymus becomes a solid, cylindrical mass of cells (pEpym, Fig. 15) 
enclosed by a thick, lightly stained basement membrane (BM). The sperm 
tubes are attached by their narrow stalks to the dorsal and anterior surfaces 
of this cell mass. 

During the ninth instar the sperm tubes (Sp7, Fig. 16) increase rapidly in 
size with the accelerated division of the germ cells. The distal two thirds 
of each sperm tube becomes filled with the large primary germ cells, the 
apical cell complex (ApC/); spermatogonia (Spg) appear in the basal third 
of the tube. The primordial epididymus differentiates to a limited extent 
dorsally and laterally into branches of the vas deferens (Vd), with which 
some of the vasa efferentia (Ve) are continuous, but the main body of this 
structure remains undifferentiated. The nuclei of the epithelial cells assume 
a peripheral position in the vasa efferentia and differentiated branches of the 
vas deferens, but these ducts lack lumina. 

At the end of the tenth instar the sperm tubes are greatly enlarged. The 
spermatogonia occupy the major portion of the tubes, with the apical cell 
complex confined to the distal portion, and with one or two cysts of spermato- 
cytes formed at the base. The primordial epididymus is differentiated into 


the epididymus and branches of the vas deferens. These ducts still lack 
lumina, but the nuclei of the epithelial cells are all in a peripheral position, 
with a lightly staining cytoplasm medially. The thick basement membrane 
of the primordial epididymus is replaced at this stage by a more delicate one. 


Vasa Deferentia 

The portion of the vas deferens that connects each testis to an ampulla re- 
mains a single strand of cells during the first four larval instars. However, by 
the fourth instar the thin, loosely tubular membrane enveloping the cells 
in the first instar has become a relatively thick, tubular basement membrane 
(BM, Fig. 11C) which stains lightly. During the fifth instar the vas deferens 
remains a single strand of cells except at its junctures with the testes and 
ampullae, where it is two to three cells in cross section (Vd, Fig. 13C). In 
the sixth instar it is three to four cells thick in all but the sixth and seventh 
abdominal segments, where it is still single-celled, and by the eighth instar 
it is multicellular along its entire length (Fig. 15C). At the end of the tenth 
instar (Fig. 17) the vas deferens is greatly enlarged in cross section. The 
nuclei (nu Vd) are in a peripheral position but a lumen is not yet formed 
within the duct. The cells are still bounded by an exceptionally thick, 
clear basement membrane (BM). 


Genital Capsule and Ampullae 
The median genital capsule was already present in some of the second- 
instar larvae examined, and rests on, but is separated from, the epidermis of 
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the ninth sternum by a thin membrane. In these larvae the capsule has a 
lumen bounded by an intima, and contains a folded cuticula. This cuticula 
is the intima of the genital capsule of the first-instar larva which was shed 
but not discharged during the first larval molt. In other second-instar 
larvae the median genital capsule is in the process of formation by a median 
invagination of the epidermis of the ninth sternum (zEpid, Fig. 10). At this 
stage the epithelium (Epid) and cuticula (Ct) of the invaginated capsule are 
still continuous with those of the ninth sternum, and the lumen of this invagin- 
ation opens to the exterior. In the former larvae the genital capsule was 
formed in the embryo, while in the latter larvae it is formed in the first instar 
or during the first molt. In both cases the genital capsule is 0.02 mm long 
and as wide as it is long, and the ampullae are attached to the dorsolateral 
walls of the posterior portion of the capsule. 

The invagination cavity in the ninth sternum of the second-instar larvae 
is covered over in the third instar. In the fourth instar the genital capsule 
(Fig. 12) measures 0.025 mm long. At this stage the lumen (Lum) of the 
capsule is enclosed by the intima (Jn), which is surrounded by the epithelium 
(Epth). The cuticulae of the genital capsule of the preceding instars (CtmCap) 
are crumpled within the lumen. The basement membrane of the ampullar 
epithelium is continuous with that of the vasa deferentia, and the nuclei 
of the ampullae have assumed a peripheral position within this membrane. 
A vestige of the place of invagination of the genital capsule (vtEpid) can still 
be seen in the cuticula of the ninth sternum of some of the larvae, directly 
below the capsule. 

The median genital capsule increases in size from 0.04 mm in the fifth instar 
to 0.13 mm in the tenth instar. The epithelium of this structure, part of 
which is separated from the epidermis of the ninth sternum during the earlier 
instars, becomes continuous with the epidermis along its entire length in the 
eighth or ninth instar. In the'tenth instar (Fig. 18) the basement membrane 
(BM) of the capsule is also continuous with that of the epidermis of the ninth 
sternum (Epid). The cuticulae of the genital capsules of the preceding 
instars (CtmCap) are located in the posterior half of the lumen (Lum). 


Fic. 12. Median genital capsule and ampullae of fourth-instar male larva. A, 
lateral view, diagrammatic. B, transverse section through anterior portion. C, trans- 
verse section through posterior portion. 

Fic. 13. Testis of fifth-instar male larva. A, outline, lateral view, diagrammatic. 
B, transverse section through the middle portion. C, transverse section through the 
posterior portion. 

Fic. 14. Testis of sixth-instar larva. A, outline, lateral view, diagrammatic. B, 
transverse section through middle portion. 

Fic. 15. Testis of eighth-instar larva. A, outline, lateral view, diagrammatic. B, 
transverse section through middle portion. C, transverse section through vas deferens 
just caudad of testis. 

Fic. 16. Longitudinal section of sperm tube of ninth-instar male larva. 

Fic. 17. Transverse section through vas deferens of tenth-instar male larva. 

Fic. 18. Median genital capsule and ampullae of tenth-instar male larva. A, lateral 
view. B, transverse section through middle portion. 

Fic, 19. Longitudinal section through sperm tube of prepupa. 
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The ampullae lengthen and acquire a lumen by the seventh instar; they 
increase in size but change little in shape to the tenth instar. When the larva 
assumes the characteristics of the prepupa the ampullae and the genital 
capsule, although considerably enlarged, are but slightly changed in appear- 
ance from those of the third instar. 


Development in the Prepupa and Pupa 

Testes 

The sperm tubes enlarge during the prepupal period and pupal stage until, 
at the end of the latter, they average 0.45 mm in length and 0.2 mm in width, 
and the testes extend from the first to the fourth abdominal segment. Active 
cell division and differentiation takes place within the sperm tubes throughout 
this period. Several cysts of spermatocytes (Spc, Fig. 19) and occasional 
cysts of spermatids (Spt) appear during the prepupal period. At the end of the 
pupal stage mature spermatozoa are present but are still encysted. There 
are no spermatozoa in the efferent ducts or seminal vesicles of day-old beetles. 

The origin of the epithelial sheaths of the sperm tubes is not known. It is 
believed that they are formed during the prepupal period from the epithelial 
cells that remain along the periphery of the sperm tubes as noted in the seventh 
instar. This sheath is thick, spongy, and granular in appearance during the 
pupal and early beetle stages, but reduces in thickness and becomes more 
distinctly cellular with the increased production of spermatozoa and the 
depletion of the surrounding fat tissue. 


Vasa Deferentia 

Lumina form in the efferent ducts during the prepupal period and, at 
pupation, the ducts are similar to those of the adult. The finger-like cyto- 
plasmic processes observed on the inner walls of the ducts of beetles just 
before mating were not noticed at the end of the pupal period. 


External Genitalia and Ejaculatory Duct 

When tenth-instar larvae begin to acquire the external characteristics of 
prepupae, the posterior wall of the median genital capsule (mCap, Fig. 20) 
evaginates caudad (evp). The intima secreted by the capsule in the tenth 
instar separates from the parent epithelium at all the walls but the posterior. 
This intima encloses the cuticulae secreted by the capsule in the preceding 
instars, and as the posterior wall of the capsule evaginates into a sac-like 
process it draws the crumpled cuticulae (CtmCap) caudad within it. Mean- 
while, paired invaginations occur in the dorsolateral walls of the capsule 
(idl) and are directed ventrad and caudad to form the lateral lobes (IL, Fig. 
20B) of the external genitalia. The ventral wall of the genital capsule and the 
adjoining epidermis of the ninth sternum invaginate along the median line 
(miv). This invagination is directed dorsally and anteriorly, between the 
developing lateral lobes, to form the ejaculatory duct (Dej). The posterior 
portion of this median invagination extends caudad to form the median lobe 
(mL) of the external genitalia. 
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During the prepupal period the posterior evagination of the genital capsule 
(evp, Fig. 21) attenuates and extends towards the anal opening. At the end of 
this period the thin epithelial wall of this evagination ruptures along its 
juncture with the other derivatives of the capsule, and the ruptured anterior 
portion closes to form a capsule (evp, Fig. 22) that encloses the discarded 
cuticulae of the median genital capsule (CtmCap). The so-formed capsule and 
the enclosed crumpled cuticulae are discarded with the last larval (prepupal) 
molt. Meanwhile, the lateral lobes (JZ, Figs. 21, 22) become cylindrical, and 
the median lobe (mL, Fig. 22) becomes more distinct. The ejaculatory duct 
(Dej) extends further cephalad as a blind tube. It retains the original in- 
vagination opening as its exit pore or gonopore (Gpr, Fig. 23A). At the end 
of the prepupal period the ejaculatory duct shows signs of bifurcation at the 
anterior extremity. 

During the pupal period the ejaculatory duct (Dej, Fig. 23) continues to 
grow anteriorly. It reaches the anterior portion of the seventh segment by 
the middle of the pupal stage, and the anterior portion of the sixth segment 
by the end of this stage. The three lobes of the phallus of the beetle form 
within the homologous lobes of the pupa during the latter part of the stage. 
At the end of the pupal period, just before eclosion, the external genitalia and 
ejaculatory duct are fully developed. 


Genital Glands and Seminal Vesicles 
At the time the invaginations occur in the median genital capsule, the 


mediolateral walls of the ampullae (Amp, Fig. 21) evaginate mesad and 
cephalad, above the bases of the lateral lobes and along the developing ejacu- 
latory duct, to form hollow lobes. These paired lobes increase rapidly in 
length and, at the same time, are carried cephalad by the elongating ejacu- 
latory duct. By the middle of the prepupal period the ampullar lobes extend 
from the anterior portion of the ninth segment to the middle of the eighth 
segment. At this time an evagination appears on the ventral wall of each 
lobe. The primary lobes are the rudimentary spermatophoral glands 
(SptphGl, Fig. 22) and the secondary lobes are the rudimentary seminal vesicles 
(Vsm). At the end of the prepupal period the spermatophoral glands 
(SptphGl, Fig. 23) extend from the posterior portion of the seventh segment 
to the middle of the sixth segment, and bear second evaginations on their 
dorsal walls. These second lobes, which form directly opposite the seminal 
vesicles, are the rudimentary accessory glands (AcGI). 

At the middle of the pupal stage the spermatophoral glands (SptphGl, 
Fig. 24) extend from the anterior portion of the seventh segment to the middle 
of the fifth segment. The posterior portion of each gland is closely applied to a 
branch of the ejaculatory duct (Dej), and the anterior portion has developed 
a lobe which is directed caudad beneath a seminal vesicle (Vsm). The initial 
single lobe of each seminal vesicle has developed into a two-lobed structure, 
with both lobes directed cephalad. This pair of lobes is homologous with the 
two chambers of the seminal vesicle of the beetle. The lumina of both lobes 
of the seminal vesicles are continuous with each other and with the lumen ‘of 
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the spermatophoral gland through a common passageway. The accessory 
gland (AcG/), from its juncture with the spermatophoral gland in the pos- 
terior portion of the sixth abdominal segment, folds caudad into the anterior 
portion of the seventh segment, then extends cephalad to the middle of the 
sixth abdominal segment. 

At the end of the pupal stage the folds of the spermatophoral glands are 
developed. The second (posterior) fold of this gland, during its formation, 
carries the outer lobes of the seminal vesicle caudad. These lobes eventually 
become situated directly caudad of the inner vesicular lobes, between the 
second folds of the spermatophoral glands and the branches of the ejaculatory 
duct to which the glands are attached. By this time the accessory glands have 
assumed the same size and position as in the mature beetle. 


Development in the Adult 

Male beetles collected from their pupal cells in October could not be induced 
to mate before January of the following year, and then only if they had been 
exposed to freezing or near freezing temperatures for some time. The female 
beetles impregnated by these males produced fertile eggs. In 1-month-old 
male beetles the spermatophoral glands do not contain sufficient secretion to 
form a spermatophore and, although the sperm tubes are distended with 
numerous encysted spermatozoa, no spermatozoa are present in the seminal 
vesicles or efferent ducts. It, therefore, appears physiologically impossible 
for the males to mate successfully at this stage. A period of hibernation with 


an exposure to a low temperature is necessary to complete development and 
induce mating in the male (13). 


Discussion 

The origin of the phallic organ in Coleoptera is much debated in the liter- 
ature. It has been ascribed to the ninth tergum and sternum, the gonopods 
of the ninth segment, the body wall, «nd other structures. Singh Pruthi (8), 
Metcalfe (4), and Snodgrass (10) indicate that the phallus of Coleoptera 
originates as diverticula of the body wall behind the ninth sternum, and that 
no tergum, sternum, or gonopod play a part in its formation. Michener (5) 
and Wood (11) relate the phallic organ to the gonopods. They term the 
phallobase the gonocoxite, the paramere the gonostylus, and the phallobase 
and parameres the gonoforceps. 

The genital pocket noted by Singh Pruthi in the larva of Tenebrio molitor 
L. and by Metcalfe in prepupae of Castroidea polygoni (L.) and Anthonomus 
pomorum (L.) forms as an invagination of the membrane behind the ninth 


Fic. 20. Development of ejaculatory duct and external genitalia in early prepupal 
stage, diagrammatic. A, lateral view. B, dorsal view. 

Fic. 21. Male efferent system, glands, and external genitalia of early prepupa, 
ventral view, diagrammatic. 

Fic. 22. Male efferent system, glands, and external genitalia of late prepupa, ven- 
tral view, diagrammatic. 

Fic. 23. Male efferent system, glands, and external genitalia at the beginning of the 
pupal stage, diagrammatic. A, ventral view. B, lateral view of anterior portion. 

Fic. 24. Male efferent system and glands at the middle of the pupal stage, lateral view, 


diagrammatic. 
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sternum. The phallus of the adult of C. a. destructor is derived from the median 
genital capsule of the larva. This capsule is formed by an invagination of 
the membrane between the hemisternites of the ninth segment, which appears 
to be an anterior extension of the conjunctiva between the ninth and tenth 
segments. It appears to be homologous with the genital pocket of T. molitor, 
G. polygoni, and A. pomorum. Thus, as concluded by Singh Pruthi and 
Metcalfe for the beetles they studied, the genital capsule of C. a. destructor 
and the phallus to which it gives rise are derivatives of the body wall, and no 
parts of the phallus can be related to the gonopods. 

The genital pocket of T. molitor, according to Singh Pruthi, is present in the 
later larval stages, but its time of formation is not indicated. The exterior 
opening of the pocket is retained from the time of its formation to the adult 
stage, and the cavity of the genital pocket of the larva is retained as the 
functional genital pocket of the adult. The phallic organ arises only from the 
epidermis of the anterior portion of the pocket. In the beetles studied by 
Metcalfe the primary invagination appears in the late larval or in the pre- 
pupa! stage, and the development of the phallic organ and genital pocket is 
similar to that of T. molitor. In C. a. destructor the genital capsule forms in 
the late embryo or, more frequently, in the first larval instar, and it loses its 
exterior opening shortly after formation. The entire capsule gives rise to the 
phallus and ejaculatory duct, while the functional genital pocket of the adult 
is formed separately during the pupal stage. 

The testis of the first-instar C. a. destructor larva consists of six lobes. Saling 
(7) observed six lobes in the testis of T. molitor shortly before the close of the 
embryonic period, and Hodson (2) observed the same number of lobes in 
the testis of Tribolium confusum Duv., shortly after hatching. In the latter 
two species the number of primary testicular lobes coincides with the number 
of sperm tubes in the testis of the adult. In C. a. destructor the primary lobes 
disappear by the fifth instar and numerous secondary lobes, the rudimentary 
sperm tubes, appear during the fifth and sixth instars, resulting in approxi- 
mately eight times as many sperm tubes as primary lobes. The sperm tubes 
develop rapidly after formation and, as observed by Murray and Tiegs (6) 
in Sitophilus oryza (L.), mature spermatozoa are present at the end of the 
pupal stage. 

In JT. molitor, according to Singh Pruthi (8), vasa deferentia and vesicles 
(ampullae) are present in the larva. He does not describe the origin of these 
structures but states that they must be derived from the ectodermal ejacul- 
atory duct, and are, therefore, also of ectodermal origin. The primitive 
mesodermal vasa deferentia do not extend beyond the region of the testes. 
The ectadenia (ectodermal glands) are derived from the vesicles of the ninth 
segment, and the mesadenia (mesodermal glands) originate as evaginations of 
the posterior extremities of the vasa deferentia, alongside the vesicles. As he 
claims the vasa deferentia to be of ectodermal origin, the mesadenia must 
also be of ectodermal origin. Thus, according to this description, only the 
testes of T. molitor are of mesodermal origin, and the other functional struc- 
tures of the reproductive system are of ectodermal origin. 
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The vasa deferentia and ampullae of C. a. destructor larvae appear similar to 
and homologous with the vasa deferentia and vesicles of T. molitor. However, 
they are present in the larva before the genital capsule, which gives rise to the 
ejaculatory duct, appears. They appear to originate from the genital ridges of 
the mesodermal lateral splanchnic layers, as described by Johannsen and Butt 
(3) for insects in general, and are, therefore, of mesodermal origin. The 
ampullae give rise to the two pairs of genital glands and to the seminal vesicles 
so that these derivatives are also of mesodermal origin. In this beetle, there- 
fore, the ejaculatory duct is the only part of the internal reproductive organs 
that is of ectodermal origin. The remaining structures are of mesodermal 
origin. 

Female Reproductive Organs 


Reproductive System of the First-Instar Larva 

The reproductive system of the first-instar female larva, 1 day after eclosion, 
consists of paired primordial ovaries (Ov, Fig. 25), primordial lateral oviducts 
(Odl), and ampullae (Amp). 

The ovaries occupy the same position in the abdomen as do the testes, and 
their size and the cellular constituents are similar to those of the testes of 
first-instar male larvae. However, they are not as conspicuously lobate, and 
consist of eight rather than six lobes. 

The ampullae are situated at the posterior margin of the seventh abdominal 
segment, on the basement membrane of the sternal epidermis, one on each 
side of the mid-line. Each ampulla consists of several cells not enclosed, as 
yet, by a membrane. 

The lateral oviducts consist of a pair of cell strands that extend, one on each 
side of the digestive tube, from the posteroventral margins of the ovaries to the 
ampullae. These cell strands are similar in appearance to those of the first- 
instar male larva. 


Development in the Larva 

Ovaries 

The ovaries increase considerably in size and differentiate into egg tubes 
and branches of the lateral oviducts during the larval stage. By the fourth 
instar each ovary is approximately 0.05 mm long and 0.02 mm wide, and by 
the end of the larval stage each ovary is approximately 0.23 mm long and 
0.085 mm wide. The ovaries remain in the anterior portion of the fifth 
segment throughout the larval stage. 

In the ovaries of the second-instar larva two types of epithelial cells and the 
germ cells can be distinguished easily. At the end of the fourth instar the 
epithelial cells of one type are arranged in a dorsal plate (dpl, Fig. 26). These 
cells are the primordia of the ovarial suspensory apparatus of the adult. The 
epithelial cells of the second type are grouped in a ventral body (vbo) which 
is most pronounced at the posterior end of the ovary. This body of cells is 
the primordium of the ovarial branches of the lateral oviducts and of the 
pedicels of the ovarioles, and is similar in appearance at this stage to the 
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primordium of the epididymus of the testis. The germ cells (GrmC) are located 
between the two layers of the epithelial cells. They are two or more times the 
size of the epithelial cells, and stain much lighter with the stains used. The 
primary lobes of the ovaries are no longer visible by the fourth instar. At 
this stage each ovary is enclosed by a peritoneal sheath (P). 

At the end of the fifth instar the epithelial cells of the dorsal plate (EpthC, 
Fig. 28) and the germ cells (GrmC) have formed evaginations along the 
posterior, dorsal, and anterior surfaces of the ovary. These evaginations are 
the primordia of the ovarioles (Ovr). By the seventh instar the ovarioles 
(Ovr, Fig. 30) are clearly defined and multicellular, but still lack distinct 
pedicels. At the end of the larval stage the ovarioles (Ovr, Fig. 31) are dis- 
tinctly partitioned from each other, and slender pedicels (Pdcl) connect the 
bulbous distal portions of the ovarioles to the ventral body. Each ovariole 
contains several germ cells (GrmC) and a few epithelial cells (EpthC), the 
latter extending into the pedicel. The egg tubes are not developed to the same 
extent as are the sperm tubes in the testes of male larvae at the same stage. 

The ventral body of each ovary is more distinct throughout the larval 
stage than is its homologue, the primordium of the epididymus, in the testis. 
It increases rapidly in size from the second to the seventh instar, at which 
time it is differentiated into a cylindrical ventral portion, the primordial 
lateral oviduct of the ovary (Odl, Fig. 30), and a dorsal mass of cells (brOdl) 
which is the primordium of the ovarial branches of the lateral oviduct and of 
the pedicels of the ovarioles. At the end of the tenth instar the ventral body 
is usually differentiated into the branched anterior portion of the oviduct. 
However, in some larvae at this stage the ventral body is still a differentiating 
mass of cells. 


Lateral Oviducts 

The development of the lateral oviducts in the larval stage is similar to 
that of the vas deferens. At the end of the fourth instar each lateral oviduct 
consists of a single strand of cells enclosed by a lightly stained, thickened 


Fic. 25. Reproductive system of first-instar female larva, dorsal view, diagrammatic. 

Fic. 26. Ovary of fourth-instar female larva. A, outline, lateral view, diagrammatic. 
B, transverse section through anterior portion. C, transverse section through posterior 
portion. 

Fic. 27. Longitudinal section poten ag genital ampulla of fourth-instar female larva. 

Fic. 28. Ovary of fifth-instar female larva. A, outline, lateral view, diagrammatic. 
B, transverse section through anterior portion. e. transverse section through posterior 
portion. 

Fic. 29. Genital ampulla of fifth-instar female larva. A, longitudinal section. B, 
transverse section through posterior portion. C, transverse section through anterior 
portion. 

Fic. 30. Ovary of seventh-instar female larva. A, outline, lateral view, diagrammatic. 
B, transverse section through middle portion. 

Fic. 31. Ovary of tenth-instar larva, early stage. A, outline, lateral view, dia- 
grammatic. 8B, transverse section through middle portion. C, transverse section 
through posterior portion. 

Fic. 32. Transverse section through lateral oviduct of tenth-instar larva. 

Fic. 33. Genital ampulla of tenth-instar female larva, early stage. A, longitudinal 
section. B, transverse section through posterior portion. C, transverse section through 
anterior portion. 
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basement membrane. It is continuous with the ventral body of an ovary 
anteriorly and with an ampulla posteriorly. From the ovary the lateral 
oviduct extends caudad, through the fat bodies alongside the digestive tube, 
to the middle of the sixth segment. At this point the path of the oviduct 
veers laterally and ventrally and continues caudad, lateral to the ventral 
longitudinal muscles, to terminate in the ampulla at the posterior margin of 
the seventh segment. In the fifth instar the oviducts are still one cell thick 
along most of their length, but at the end of the seventh instar they are three 
or four cells in cross section along their central portion, and somewhat thicker 
at their anterior and posterior extremities. At the end of the tenth instar 
the lateral oviduct (Fig. 32) is only slightly thicker than in the seventh 
instar. It lacks a lumen, and the nuclei (muOdl) still have not assumed a 
peripheral position within the tube. 


Ampullae 

The ampullae retain their position at the posterior margin of the seventh 
sternum, on the epidermal layer, throughout the larval stage. In the first 
instar they consist of two loose masses of cells; in the second instar a mem- 
brane encloses each cell mass. This membrane is continuous with the base- 
ment membrane of the lateral oviduct to which the ampulla is attached. 
In the fourth instar each ampulla (Amp, Fig 27) is 0.03 mm long. In the fifth 
instar (Amp, Fig. 29) it is 0.05 mm long, and flattened posteriorly. At the 


end of the larval stage each ampulla is 0.1 mm long. The anterior portion of 
the ampulla is oval-shaped, and the posterior portion is flattened (Amp, Fig. 33), 
as in the fifth instar. The nuclei, which in the earlier instars are dispersed 
throughout the ampulla, occupy a peripheral position within the thick base- 
ment membrane at this stage. 


Development in the Prepupa and Pupa 

Ovaries 

The ovaries increase slightly in size and move cephalad during the pre- 
pupal period. At the end of this period the ovaries average 0.3 mm long, 
and are located in the posterior portion of the fourth segment. Te ovarioles, 
which are 0.08 mm long and 0.04 mm in cross section, possess an attenuated 
process at their apices, formed by the epithelial cells of the dorsal plate 
(EpthC, Fig. 34). This process is the rudimentary terminal filament. (TF). 
The main body of the ovariole, the egg tube (ET), consists of several large, 
central germ cells (GrmC), and a peripheral layer of epithelial cells (EpthC). 
The former appear to be primordia of the odcytes and trophocytes, and the 
latter, primordia of the follicular epithelium. The stalklike base or pedicel 
(Pdcl) of each ovariole consists of a solid mass of epithelial cells. The entire 
ovariole is enclosed by a thin membrane, the tunica propria (Tp). At this 
stage the ovarial branches of the lateral oviducts are completely differentiated, 
and they and the lateral oviducts possesslumina. Histologically, they resemble 
those of the mature adult. 
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During the pupal period the ovaries enlarge rapidly, expanding cephalad. 
At the end of this stage they average 0.8 mm long, and are located in the 
anterior portion of the fourth segment. The suspensory apparatus (the 
attenuated terminal filaments and the suspensory ligament) is formed in its 
entirety. The ovarioles average 0.16 mm long and 0.07 mm in diameter. 
The egg tube (ET, Fig. 35) is filled with numerous large cells, all of which 
appear and stain similarly. It is presumed that the parent follicular epithe- 
lial cells (FIEpthC) still retain their peripheral position within the egg tube, 
enclosing the germ cells (GrmC). The pedicel (Pdcl) still lacks a lumen, but 
the nuclei occupy a peripheral position in it. 


External Genitalia 

The genital palpi (external genitalia) of the pupa originate as paired thicken- 
ings of the epidermis of the anterior portion of the ninth sternum of the larva 
(Plp, Fig. 36). These ridges, situated one on each side of the mid-line, appear 
in the early stages of the prepupal period. At the end of this period the paired 
epidermal ridges are somewhat tubular posteriorly, and appear similar to the 
genital palpi (P/p, Fig. 37) of the pupa. The external genitalia of the beetle 
develop within the genital palpi and ninth segment of the pupa. At the end 
of the pupal stage, they resemble those of the mature beetle. 


Genital Chamber 

The genital chamber consists of a vagina and uterus, each of which has a 
separate origin. The uterus (Uirs, Fig. 36) appears at an early stage of the 
prepupal period as a median invagination of the epidermis of the eighth 
sternum (iU?rs), near the anterior margin of the segment. This invagination 
extends cephalad as a blind tube to meet and extend between the posterior 
evaginations of the ampullae in the posterior portion of the seventh segment. 
Simultaneously, the vagina originates as a median groove (grVag) in the 
epidermis of the eighth and ninth sterna. This groove extends from the 
invagination cavity of the uterus to the anterior portion of the ninth segment 
where it lies between the developing palpi. 

During the prepupal period the edges of the vaginal groove meet ventrally 
to form the vaginal tube. The invagination cavity of the uterus also closes 
ventrally, and the uterine and vaginal tubes become continuous. The vaginal 
portion of the tube now elongates cephalad, while the anterior portion of the 
uterine tube shortens and expands. At the end of this period the vagina 
(Vag, Fig. 37) extends from its exterior opening, the vulva (Vwi), in the 
anterior portion of the ninth segment, to the anterior portion of the eighth 
segment. The uterus (U?rs) is located in the anterior portion of the eighth 
and the posterior portion of the seventh segments. The uterine process (UtPr) 
is indicated at this stage by a median ridge along the ventral wall of the uterus. 

The vagina (Vag, Fig. 38) and uterus (Urs) extend cephalad during the 
pupal stage, and a groove, the rudimentary uterine canal (C/), forms in the 
dorsal wall of the uterine process (UtPr). At the end of this stage the vagina 
and uterus attain the position and structure noted in the mature beetle. 
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Common Oviduct 

The common oviduct develops from the genital ampullae of the larva. 
Early in the prepupal period each ampulla (Amp, Fig. 36), now with a lumen, 
evaginates posteriorly. The evaginations extend caudad, alongside each 
other, and meet the uterine tube in the anterior portion of the eighth segment. 
At the end of the prepupal period the enlarged ampullae (Amp, Fig. 37) are 
located, side by side, directly below the uterus at the anterior margin of the 
eighth segment. Each ampulla opens into the uterus through the uterine 
process by means of a short duct (dAmp). In a 6-day-old pupa the partitions 
between the ampullae and between their ducts have disappeared, and the 
ampullae have become a single, short tube, the common oviduct (Odc, Fig. 38). 
The two ampullar duct openings are replaced by a single opening, the gonopore 
(Gpr), through which the common oviduct opens into the uterus. At the end 
of the pupal stage the structure of the common oviduct is similar to that of 


the beetle. 


Spermatophoral Receptacle, Accessory Gland, and Spermatheca 

The spermatophoral receptacle, accessory gland, and spermatheca first 
appear early in the prepupal period. The spermatophoral receptacle 
(SptphRe, Fig. 36) originates as an invagination of the epidermis of the eighth 
sternum (iSptphRc) just posterior to the invagination of the uterus but within 
the same invagination cavity. The sac so formed is directed caudad. The 
accessory gland (AcGI) and the duct of this gland (dAcG/I) originate as an in- 
vagination of the epidermis of the eighth sternum (iAcG/) at about the middle 
of the segment, and caudad to the invagination of the spermatophoral recep- 
tacle. This invagination is also directed caudad. The functional spermatheca 
(Spta) originates as an invagination (zSpta) within the invagination cavity 
of the spermatophoral receptacle and uterus. It is located along the dorsal 
wall of the spermatophoral receptacle, and, like the latter, is directed caudad. 
An invagination also occurs in the vaginal groove (ivSpta), in the anterior 
portion of the ninth segment. This invagination forms a pouch (vSpta) which 
extends anterodorsad towards the proctodaeum. It appears to be a vestigial 
spermatheca, and is absorbed or discarded at the end of the prepupal period. 

During the prepupal period the spermatophoral receptacle, accessory gland, 
and spermatheca increase in size and are carried cephalad by the elongating 
vaginal tube, to the dorsal wall of which they are attached. At the same time 
the spermatophoral receptacle swings dorsally and anteriorly and becomes 
directed cephalad. Thus, the spermatheca becomes situated ventral to the 
spermatophoral receptacle. At the end of this period the spermatophoral 


Fic. 34. Longitudinal section of ovariole at end of prepupal period. 

Fic. 35. Longitudinal section of ovariole at end of pupal period. 

Fic. 36. Unpaired genital tract of female in early prepupal stage, ventral view, dia- 
grammatic. 

Fic. 37. Unpaired genital tract of female at end of prepupal period, ventral view, 
diagrammatic. 

Fic. 38. Anterior portion of the unpaired genital tract of a 6-day-old female pupa, 
lateral view, diagrammatic. 
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receptacle, by further growth and orientation, becomes continuous with the 
uterus, and extends cephalad from it (SptphRc, Fig. 37). The spermatheca 
(Spta) is now a slender pouch which lies along the ventral wall of the sper- 
matophoral receptacle. The accessory gland (AcG/) is dorsal to the latter 
and to the uterus. It is greatly elongated and bears several processes 
(primordial branches) at its anterior and posterior extremities. It opens by 
means of a short duct (dAcG/) into the spermatophoral receptacle on the 
dorsal surface. 

In the pupal stage the spermatophoral receptacle (SptphRc, Fig. 38) enlarges 
rapidly and expands dorsoventrally. The ventral wall of the receptacle 
evaginates posteroventrad giving the organ a U-shaped appearance. The 
spermatheca (Spia), which opens into this protuberance, extends cephalad 
along the ventral wall of the receptacle. The dorsal wall of the spermatophoral 
receptacle also evaginates to form the rudimentary accessory gland reservoir 
(RsvrAc). This evagination extends cephalad, along the dorsal wall of the 
receptacle, as a slender pouch. The accessory gland (AcG/) becomes many- 
branched and its duct, which opens into the accessory gland reservoir, becomes 
greatly elongated. At the end of the pupal stage these organs appear similar 
in structure to those of the beetle. 


Development in the Adult 
The appearance of the ovaries and oégenesis in 1-month-old adults, before 
winter hibernation, are similar to those of 9-month-old adults, just before 
mating. In the laboratory, female beetles mated within two weeks after 
shedding the pupal exuviae. They deposited fertile eggs after the normal 
preoviposition period when impregnated by mature male beetles. 


Discussion 

The origin of the coleopterous ovipositor has been much debated in the 
literature, but most workers now agree that it is derived primarily from the 
gonopods of the ninth segment. In Tenebrio molitor, Singh Pruthi (9) noted 
that the genital papillae of the larva give rise to the genital appendages 
(ovipositor) of the adult. He terms them the coxites of the ninth segment, 
and the palpi they bear, which are formed during the pupal period, the styli. 
The gonopore is situated between the apices of the genital appendages. 
Metcalfe (4) reports that in Sitodrepa panicea L., Gastroidea polygoni, Anthono- 
mus pomorum, and Sterocorus bifasciatum (L.) the genital appendages appear 
during the prepupal or pupal period as paired diverticula of the posterior 
portion of the ninth segment, between which the gonopore forms. She also 
terms the genital appendages the coxites of the ninth segment. 

In C. a. destructor the genital appendages first appear in the prepupal 
period as paired thickenings of the epidermis of the ninth sternum, as in the 
beetles studied by Metcalfe. These appendages appear to consist of valvifers 
and gonocoxites (12). Stylido not appear at any time during the development, 
although their positions in the adult are indicated by microscopic, vestigial 
protuberances. The genital opening between the apices of the genital append- 
ages is the vulva. The true gonopore is within the uterus. 












ZACHARUK: PRAIRIE GRAIN WIREWORM 775 


There are eight lobes in the ovary of the first-instar C. a. destructor larva. 
In Tenebrio molitor, Saling (7) noted 12 lobes in the ovary shortly before 
hatching; this number is the same as the number of ovarioles in the ovary of 
the adult. Hodson found eight lobes in the ovary of first-instar Tribolium 
confusum, but he does not indicate whether these lobes are the rudimentary 
ovarioles. In C. a. destructor the eight primary lobes disappear by the third 
instar, and numerous secondary lobes, the rudimentary ovarioles, appear in 
the ovary of the fifth-instar larva. The terminal filament first appears in this 
species in the prepupal period as an apical protuberance of the epithelial cells 
of the ovariole. In T. molitor, according to Saling (7), an extensive terminal 
apparatus is developed at the terminal pole of each ovariole in the earliest 
postembryonic period. This terminal cell mass later develops into typical 
terminal filaments. He also observed a smaller terminal apparatus in the 
testis homologous with that of the ovary, but it degenerates during the pupal 
stage. No terminal structure was observed in the testis of C. a. destructor at 
any stage of development. 

In T. molitor, S. panicea, G. polygoni, and A. pomorum the vagina, accessory 
gland, spermatheca, and copulatory pouch arise from an invagination pos- 
terior to the ninth sternum. In C. a. destructor a homologous invagination 
occurs posterior to the ninth segment, but the resulting thin-walled pouch 
disappears in the late prepupal period. The vagina first appears as a median 
groove in the eighth and ninth sterna. The accessory gland invaginates 
within this groove in the middle of the eighth sternum, and the spermatophoral 
receptacle and spermatheca invaginate in the anterior portion of the eighth 
sternum. In the former beetles the uterus invaginates posterior to the eighth 
sternum, while in C. a. destructor the uterus invaginates posterior to the seventh 
sternum. However, despite the different modes of origin, these structures are 
ectodermal in all the above species, and in all of them the functional exterior 
opening is located posterior to the ninth segment. Singh Pruthi and Metcalfe 
term this orifice the gonopore, but in C. a. destructor it is the vulva. 

The common oviduct and, in some cases, the posterior extremities of the 
lateral oviducts, form from an anterior extension and bifurcation of the uterus 
in the beetles studied by Singh Pruthi and Metcalfe. In C. a. destructor the 
lateral oviducts are entirely mesodermal. The common oviduct is formed 
by a fusion of the mesodermal genital ampullae of the larva and is, therefore, 
also mesodermal. As the location of the genital ampullae of the larva is 
homologous with that of the paired gonopores of primitive insects, the distal 
opening of the common oviduct formed from these ampullae, located in the 
uterus, is the true gonopore. 

The ovaries and lateral oviducts of the female can be homologized with the 
testes and vasa deferentia of the male C. a. destructor beetle. The vestigial 
spermatheca of the female prepupa may be homologized with the genital 
capsule of the male larva, as both originate by an invagination of the body 
wall caudad to the ninth sternum, but the former structure is non-functional. 
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The remaining internal reproductive organs and the external genitalia of the 
two sexes cannot be homologized, as they originate from different structures 
or portions of the abdomen. 
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ABBREVIATIONS USED IN FIGURES 


AcGl—accessory gland; Amp—ampulla; an—anus; A pCl—apical cell com- 
plex; ASp—abdominal spiracle; BM—basement membrane; brOd/—branch 
of the lateral oviduct; C/—uterine canal; CstC—cyst cell; Ct—cuticula; 
CtmCap—cuticulae of the median genital capsule; dAcG/—duct of the accessory 
gland; dAmp—duct of the ampulla; Dej—ejaculatory duct; dpl—dorsal plate 
of the ovary; Epid—epidermis; Epth—epithelium; EpthC—epithelial cell; 
ET—egg tube; evp—evagination of the posterior wall of the median genital 
capsule; ExGen—external genitalia; FlEpthC—cell of the follicular epithelium; 
Gon—gonad ; Gpbr—gonopore; GrmC—germ cell; gr Vag—groove of the vagina; 
1AcGl—invagination of the accessory gland; iEpid—invagination of the 
epidermis of the ninth sternum; Jn—intima; id/—invagination of the dorso- 
lateral wall of the median genital capsule; 7Spta—invagination of the sper- 
matheca; iSptphRc—invagination of the spermatophoral receptacle; iUtrs— 
invagination of the uterus; ixSpta—invagination of the vestigial spermatheca; 











ZACHARUK: PRAIRIE GRAIN WIREWORM 777 


I—primary lobe of the gonad; /Z—lateral lobe; Lig—laterotergite; Lum— 
lumen; mCap—median genital capsule; men—membrane; miv—median 
invagination of the ventral wall of the median genital capsule; mZ—median 
lobe ; nuOdl—nucleus of the lateral oviduct; nu Vd—nucleus of the vas deferens; 
Odc—common oviduct; Odl—lateral oviduct; Ov—ovary; Ovr—ovariole; 
P—peritoneum; Pdcl—pedicel; pEpym—primordium of the epididymus; 
Pi—pleurite; Plp—palpus; Proc—proctodaeum; RsvrAc—reservoir of the 
accessory gland; S—sternum; Seg—segment; Spc—spermatocyte; Spg— 
spermatogonium; Spi—spine; Spt—spermatid; Sp7—sperm tube; Spta— 
spermatheca; SptphGl—spermatophoral gland; SptphRc—spermatophoral 
receptacle; 7—tergum; Tes—testis; 7 *—terminal filament; 7p—tunica pro- 
pria; Ur—urogomphus; UtPr—uterine process; Utrs—uterus; Vag—vagina; 
vbo—ventral body of the larval ovary; Vd—vas deferens; Ve—vas efferens; 
viEpid—vestige of the invagination of the epidermis of the ninth sternum; 
Vsm—seminal vesicle; vSpta—vestigial spermatheca; Vul—vulva. 
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FACTORS CONTROLLING THE INTERNAL TEMPERATURES 
OF SPRUCE BUDWORM LARVAE, CHORISTONEURA 
FUMIFERANA (CLEM.)! 


Roy F. SHEPHERD? 


Abstract 


Laboratory studies showed a direct relationship between the radiation inten- 
sity striking a larva and the excess of larval temperature over air temperature. 
These excesses were reduced as the square root of wind speed above 60-80 
ft/min. Below this speed, changes in wind speed had a greater effect on the 
reduction of excesses. Evaporation tended to reduce larval temperatures to 
wet-bulb temperatures when water was placed on the cuticle of the larvae. 
Measurements made during days of bright sunshine indicated that larvae on over- 
storied spruce reproduction had an average temperature excess of 2.3°C and 
larvae on reproduction in a stand opening had an average excess of 3.7° C. 


Introduction 


Insect temperatures often deviate from air temperatures, owing to various 
factors which affect heat transfer. As these factors are constantly changing 
in a forest, temperatures of insects in this habitat are in a continual state 
of flux, depending upon the relative rates of heat absorption. Many investi- 
gators have indicated that radiation is one of the most important factors 
causing temperature excesses (insect temperature — air temperature) of 


insects. These excesses are due to heating by direct radiation from the sun 
and sky, and by long-wave radiation from surrounding objects. Cooling 
through reradiation of heat from the insect frequently brings insect temper- 
atures below air temperatures (6). Digby (1) has shown that convection is 
important, tending to reduce insect temperatures to air temperatures. An 
insect can also gain or lose heat through contact with foliage or other objects. 
Wellington showed that coniferous foliage in sunlight was usually 5° C or 
more above air temperature. Conduction of heat from the foliage would 
increase the temperature of insects living there. Parry (4) and Pepper and 
Hastings (5) have indicated that the effect of metabolism on internal tempera- 
tures is important in active insects, but is insignificant in quiescent insects. 
Evaporation of body moisture causes a significant reduction of insect tempera- 
tures only under conditions of extreme humidity and temperature (5); how- 
ever when moisture from external sources collects on the insects, this con- 
clusion may not apply. Laboratory studies presented here illustrate the 
influence of radiation, wind, and evaporation on the internal temperatures 
of larvae of the spruce budworm, Choristoneura fumiferana (Clem.). A field 
study provided information on the differences between air temperatures and 
larval temperatures which occur under natural conditions. 


1Manuscript received May 30, 1958. : 
Contribution No. 475, Forest Biology Division, Science Service, Department of Agriculture, 


Ottawa, Canada. 
*Forest Biology Laboratory, Calgary, Alberta. 


Can. J. Zool. 36 (1958) 
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Methods 


Radiation of an intensity ranging from 0 to 2.0 langleys (ly) (g-cal per sq 
mm) per minute was provided by a General Electric 250-w infrared bulb 
connected to a rheostat. The range of radiation intensity at any voltage 
setting was +0.05 ly/min. Digby (1) has shown that spectral composition 
was of minor importance. He tested temperatures of various species of 
insects in light varying from 8% to almost 100% infrared. At a constant 
radiation of 0.5 ly/min the temperatures varied less than 5% over the spectral 
range. Comparisons were made of body temperatures of budworm in sun- 
light and under the infrared bulb at the same heat intensity. The body 
temperatures were found to be essentially the same. 

Temperatures were measured with 30-gauge copper—constantan thermo- 
couple wire connected to a Rubicon potentiometer. In the laboratory 
studies, the larvae were anaesthetized with ether fumes and a thermocouple 
was pushed through the anus into the vicinity of the mid-gut. The thermo- 
couple was placed in the same position in all larvae to give comparable results. 
If any fluid exuded from the anus, the insect was discarded, because evapora- 
tion of moisture from the surface reduced larval temperature. Larval tem- 
peratures were allowed to equilibrate with air temperature before any experi- 
ments were begun. At each trial, successive readings were made until larval 
temperatures had become stabilized. 

Unidirectional radiation was obtained by the use of the curved, blackened 
cone of Pepper and Hastings (5). The insect was held vertically in the mouth 
of the cone by the thermocouple wire. Long-wave radiation from the black- 
ened cone was negligible; its warming effect was noticeable only when there 
was no direct radiation. Radiation was measured with a General Electric 
radiation meter reading directly in langleys per minute. Air temperature 
was taken with a thermocouple inside the cone as close to the insect as pos- 
sible. A small piece of aluminum foil shielded the air thermocouple from 
radiation. 

The influence of air movement was studied by exposing the larvae to a 
radiation of 1.5 ly/min and measuring the drop in temperature excesses at 
various wind speeds. The cone was not used because wind speed could not 
be controlled within it. This may have introduced some small errors due 
to reflected radiation. Various wind speeds were obtained by a fan controlled 
by a rheostat and were measured with a Negretti & Zambra windmill-type 
air meter. The accuracy of this instrument at low speeds is poor. A regres- 
sion between revolution counts of the fan and wind speed was extrapolated 
to give approximate wind speeds below the capacity of the air meter. Smoke 
patterns were used to locate the point where air movement started. 

Special care was necessary to obtain comparable field observations. A 
special thermocouple was made by fusing the tips of the two insulated wires 
and filing to a sharp point. The larvae could not be disturbed before the 
thermocouple was inserted; also the observer’s hands had to be at least 4 in. 
away from the larvae to prevent the absorption of radiation. A two-man 
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team was used: one took continuous readings of the potentiometer, while the 
other thrust the thermocouple through the back of a larva into the mid-gut 
region. When the thermocouple was inserted into the larva, the temperature 
would rise quickly, reach a level period, and then sometimes slowly decrease. 
The initial rise was comparable to normal instrument lag, and the subsequent 
fall of insect temperature occurred when moisture exuded through the wound 
and started to evaporate. Only those readings were accepted where the level 
period was judged to be long enough to show that evaporation had not begun 
to reduce the temperature. 

Air temperature, wet-bulb temperature, wind speed, and radiation were 
recorded at the time of each larval temperature measurement. Notes were 
made as to the exposure and amount of silk covering the larvae. 

These field investigations were made on selected days when radiation was 
1.3 to 1.5 ly/min. Two plots were established: one with small spruce regen- 
eration in a stand opening, and the other with a well-stocked stand of mature 
trees overshadowing the regeneration. The temperatures of all larvae that 
could be found on the regeneration or lower branches of the large trees were 
measured. Both plots were in the bottom of the Kicking Horse Valley a 
few miles west of Field, B.C. (elevation 4000 ft). 


Results and Discussion 


Preliminary observations indicated that temperature excesses varied with 


the size of the larvae, the angle of incidence, and the side of the larvae exposed 
to radiation. To reduce these variables only mature larvae were used, 
exposed at right angles to the radiation; unless otherwise indicated, the 
lateral side was always directed toward the radiation source. 

Body temperature excess increases directly with radiation intensity (Fig. 1). 
The upper curve shows temperature excess with the dorsal side exposed, 
the lower curve with the lateral side exposed. The higher excess associated 
with the dorsal surface may be due to the dark markings on the back of mature 
larvae. Solar radiation under clear skies is usually 1.2 to 1.5 ly/min. At 
these intensities the larvae in the laboratory reached temperature excesses 
of 11° to 13°C; this seldom occurs in nature. The relationship between 
radiation and temperature excess is curvilinear with the greatest degree of 
curvature above 0.6 ly/min (temperature excess of 4-6° C). 

When an insect’s temperature becomes higher than that of the air and 
surrounding objects, it emanates heat in the form of long-wave radiation. 
The greater the temperature excess of the larva over its surroundings the 
more rapidly the heat is lost. Therefore, at high radiation levels less heat is 
retained in the insect and a lower temperature rise is produced per unit of 
additional radiation than at low radiation levels. In addition to this factor, 
as the air adjacent to the insect becomes heated, it rises, and is replaced by 
cooler air. This loss of heat by reradiation and natural convection becomes 
progressively greater at higher temperatures, distorting the relationship from 
a linear one. 
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Gunn (2) indicated that the reduction in temperature excess could also 
occur at high temperatures through evaporation of body moisture. Pepper 
and Hastings (5) indicated that with grasshoppers this effect is only important 
under extreme conditions; at 39° C evaporation cooled the insect 0.9° C. 

As indicated in Fig. 2, slight air movement around a larva experiencing a 
high intensity of radiation caused a marked drop in temperature excess. 
Above 60-80 ft/min the relationship between temperature excess (y) and 
wind speed (x) could be expressed by the equation: 


log y+1 = 1.65566—0.44912 log x-+1. 
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Fic. 1. Relation between the intensity of radiation and the excess of larval tem- 
perature over air temperature in still air. 
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LARVAL TEMPERATURE MINUS AIR TEMPERATURE (°C.) 


300 400 
WIND SPEED (FT./MIN.) 


Fic. 2. The reduction in larval temperature excess over air temperature as a result 
of air movement at a radiation of 1.5 ly/min. 


Below 60-80 ft/min natural convection becomes relatively more important 
and the above relationship did not hold. Digby (1) found similar results in 
studies of the effect of wind on the temperature excesses of 15 species of 
adult Diptera, Hymenoptera, and Orthoptera. This relationship between the 
drop in temperature excess and air movement did not apply in the field 
because larvae usually were concealed well within the foliage and often within 
silk tunnels, so that even on windy days the actual air movement over the 
larvae was slight. 

Measurements made on 3 nights indicated that night temperatures of 
larvae on regeneration under a closed stand usually varied about one degree 
above or below air temperatures. In the absence of solar radiation and wind, 
the influence of long-wave radiation emanating from the ground and sur- 
rounding objects became noticeable. Air movement tended to reduce these 
small differences to zero. 

When moisture was present on the surfaces of larvae, larval temperatures 
were reduced by evaporation. Temperature reduction was proportional to 
the increase in wet surface area. When an insect was completely covered 
with water, its temperature approached wet-bulb temperature. Water was 
applied with a camel’s hair brush to progressively larger proportions of the 
cuticle of each larva. Although six larvae were used in the experiment only 
one example is given in Table I. Average results were not given because of 
differences in wet-bulb temperatures. In wind, the larval temperatures 
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dropped more quickly after wetting, but decreased little more than in still 
air. In the field, larvae became wet only in heavy rain or dew, when the 
wet-bulb temperature is close to the dry-bulb temperature. Little evapora- 
tion takes place under these conditions and the effect of wetting on larval 
temperatures probably can be considered negligible. 

In the field, temperature measurements were made of 54 larvae in the area 
with an overstory and 44 in the area without an overstory. The larval 
temperatures were grouped according to the amount of webbing and shading 
of each larva. The larvae which were partially or completely shaded and 
completely enclosed in silk webbing had an average temperature excess of 
1.1° C; those partially or completely shaded but incompletely enclosed in 
silk webbing had an average excess of 2.1°C. The larvae which were exposed 
to full sunlight and completely enclosed in silk webbing had an average temp- 
erature excess of 4.2° C; those which were exposed to full sunlight but incom- 
pletely enclosed in silk webbing had an average excess of 7.0°C. The proba- 
bility that the differences in these means were due to random errors was .02 
or less. 


TABLE I 


THE EFFECT OF SURFACE WETTING ON THE LARVAL TEMPERATURE OF SPRUCE 
BUDWORM WHEN THERE WAS NO WIND AND NO RADIATION 


Air temp. 


Per cent of body surface ak al Larval ae Difference, 


covered with water = 



















Wet-bulb temp. 16.5"< 


The temperature measurements of undisturbed larvae in the field were 
grouped into 12 classes according to temperature excess and appear in a 
frequency histogram in Fig. 3 on a percentage basis. In the overstoried 
area most of the larval temperatures fell below 3.0°C. In the area without 
an overstory there were fewer temperature excesses in the shaded classes; 
the numbers were generally distributed throughout the range with three 
small peaks. 

The average temperatures of the larvae in the open area was 3.7°C in 
excess of air temperature while in the overstoried area the average excess 
was 2.3°C. In the 2-year-cycle area there is an average of 235 hours of 
bright sunshine during June (3), or 47% of the total daylight hours. Thus 
the average daytime larval temperatures would be 2.3° to 3.7° C higher than 
air temperatures 47% of the time. 
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Fic. 3. Per cent distribution of the difference between air temperature and the 
temperatures of undisturbed larvae in their natural habitat on a bright sunny day. 


Summary 


The relationships between the internal temperatures of the larvae of the 
spruce budworm and radiation, wind, and evaporation were investigated 
under laboratory conditions. A study was also made of larval temperatures 
as they occur in the natural habitat. There was a direct relationship between 
radiation intensity and the excess of larval temperature over air temperature. 
Under laboratory conditions these excesses were about 11°—-13° C at the peak 
radiation level of a bright sunny day; they were less under field conditions. 
Exposure of the dorsal surface gave higher excesses than exposure of the 
lateral surfaces. This was probably due to the dark markings on the back. 

Above 60-80 ft/min the larval temperature excess varies approximately 
as the square root of wind speed. Below 60-80 ft/min natural convection 
became relatively more important and small changes in wind speed had a 
greater effect than this. In the field, the influence of wind was reduced by 
the sheltering of larvae within foliage and silk tunnels. At night, larval 
temperatures were usually within one degree of air temperature. Moisture 
on the surface of the larva tended to reduce the larval temperature to wet- 
bulb temperature. Water applied to the cuticle of larvae showed that 
temperature deficits caused by evaporation of surface moisture was in pro- 
portion to the area wetted. In the field, moisture in the form of dew or rain 
usually collected on the larvae only when wet-bulb temperatures were close 
to air temperature; temperature deficits therefore were small. 
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A survey of field populations on regeneration showed that the average 
temperature excess of insects on a sunny day was 2.3° C under an overstory, 
and was 3.7° C when no overstory was present. Under direct radiation insect 
temperature excesses as high as 10° C were recorded. These were modified 
by the enclosure of larvae in loose silk tunnels and by shading. Ina year of 
average duration of sunshine, these temperature excesses would be in effect 
approximately 47% of the daylight hours during the development of the 


insect. 
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TREHALOSE AND GLUCOSE IN HELMINTHS AND OTHER 
INVERTEBRATES! 


DONALD FAIRBAIRN 


Abstract 


Glucose and trehalose were determined in 71 species of invertebrates repre- 
senting the major phyla. Glucose was estimated by a specific glucose oxidase 
assay, and trehalose, by equating the total carbohydrate in chromatogram 
eluates with glucose innit er acid hydrolysis of the carbohydrate. Parasitic 
nematodes in general contained more trehalose than cestodes, trematodes, and 
other invertebrates, with the possible exception of insects. In nematodes the 
glucose-trehalose ratio was usually less than one. This ratio was reversed in 
free-living invertebrates of marine, fresh-water, or terrestrial origin, most of 
which contained both carbohydrates in small amounts. Other hexoses and 
disaccharides were not present in detectable amounts. 


Trehalose (1-(a@-D-glucopyranosy])-a@-D-glucopyranoside) has recently been 
isolated from the blood of diapausing pupae of a moth (Telea polyphemus) 
(16), from a desert locust (Schistocerca gregaria) (8), and two parasitic nema- 
todes (Ascaris lumbricoides eggs, Porrocaecum decipiens larvae) (5, 6). In 
all these species trehalose was much more abundant than glucose. Its 
presence in several other insects was shown by less direct methods (4, 16). 
These suggestive results have prompted the examination of a number of 
parasitic and free-living invertebrates for the presence of this non-reducing 
disaccharide. Glucose was also determined, as its distribution relative to that 
of trehalose was thought to be of interest. 


Methods 


The limited availability of material made it impossible to isolate trehalose 
for purposes of chemical identification. Alternatively, a number of analytical 
methods were applied which left little doubt concerning the nature of the 
substance analyzed. In selecting these methods, advantage was taken of the 
following facts. (1) Trehalose is non-reducing, and is also much more stable 
in dilute acid than sucrose, reducing disaccharides, or non-reducing trisac- 
charides. (2) Its chromatographic mobility is comparable with that of other 
disaccharides, and different from that of monosaccharides, trisaccharides, and 
glycosides. (3) The number of glucose units in a chromatographic eluate 
containing no free glucose can be determined by anthrone analysis or, if the 
solution is first acid-hydrolyzed, by specific glucose oxidase assay. When 
trehalose is the only carbohydrate present there is complete correspondence 
between the two methods. 

1Manuscript received April 24, 1958. 
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Preparation of Extracts 

Most free-living species were collected in July or August. All specimens 
were placed in 70% ethanol when collected. Soft tissues were dissected 
from shells, when these were present, and the shells discarded. The tissues 
were then minced, re-extracted with warm 70% ethanol for 1 hour, and the 
combined extracts evaporated to dryness. Carbohydrates and other soluble 
substances in the residue were dissolved in a little water at room temperature, 
and the solution adjusted to a volume such that 1 ml represented 50 mg of 
tissue solids. Most extracts, including all of those prepared from marine 
organisms, were desalted electrolytically by means of ion-exchange mem- 
branes (anion membrane 3142, cation membrane 3148, Permutit Co., New 


York 36, N. Y.) (2). 


Determination of Glucose 

A portion of the desalted extract containing less than 30 ug of free glucose 
was analyzed photometrically by the specific glucose oxidase method of 
Huggett and Nixon (9). This method was also used for determining the 
glucose obtained by acid hydrolysis of presumptive trehalose which had been 
eluted from chromatograms (see below). When a known amount of pure 
glucose was added to a number of extracts previously shown to contain very 
little glucose and in which, therefore, the concentration of other constituents 
was relatively high, no interference with the analytical results was noted. 
Glucose oxidase and horse-radish peroxidase required for the reaction were 
commercial preparations (Nutritional Biochemical Corp., Cleveland, Ohio). 


Qualitative Chromatography 

All extracts were chromatographed on circular paper (5, 14) with butanol-— 
ethanol—water (4:1:1.9, v/v) at 25°C. Chromatograms were stained with 
alkaline silver nitrate (15) which, if a dipping technique was substituted 
for the conventional spraying methods, detected 0.5 ug of trehalose in a solution 
containing 50 ug per ml. Reducing substances were also detected with alka- 
line triphenyltetrazolium chloride (15) or with benzidine — trichloroacetic 
acid (1). The latter reagent was particularly useful, as papers sprayed with 
it and then heated for 10 minutes at 115° C fluoresced plainly in ultraviolet 
light in the presence of glucose (0.2 wg), maltose, and other reducing disac- 
charides (0.5 ug), or of acid-labile non-reducing sugars such as sucrose (0.2 pg), 
and raffinose or melezitose (0.6 wg). Much higher concentrations of trehalose 
(50 wg) caused no fluorescence. 

The circular paper technique afforded good separation of disaccharides 
(Ry, ca. 0.25) from monosaccharides (R;, ca. 0.37) and trisaccharides (Ry, ca. 
0.17) although the resolution of individual members of each group was poor. 


Preparative Chromatography 

Two 0.5-ml portions of each desalted extract were dried im vacuo and 
redissolved in 0.05 ml of water. Four fifths of each soli:tion was spotted on 
Whatman No. 1 paper by continuous application in a stream of warm air. 
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The paper was developed by the ascending method for 10 to 12 hours at 
25° C with ethylacetate — acetic acid — water (6:3:2, v/v) after a 16-hour equi- 
libration period (3). Lanes on the paper on either side of the two unknowns 
were spotted with 100 ug of a standard trehalose solution, or left blank, respec- 
tively. Following development and overnight drying at room temperature the 
chromatogram was cut into strips corresponding to unknowns, standards, 
and blanks. Trehalose was then located on the standard and one of the two 
unknown strips by staining with silver nitrate. This unknown strip was used 
to ascertain that the separation of trehalose from other silver nitrate sensitive 
substances was adequate, and that its Ry was similar to that of the standard. 
From the second unknown strip and from the blank a rectangular area of 
paper corresponding to the standard trehalose spot was cut out, and this was 
eluted with 1.2 ml of water. Quantitative elution by gravity was completed 
in 20 minutes if one edge of the paper was fed continuously by means of a 
filter-paper wick. 


Analysis of Eluates 

Portions (0.2 or 0.4 ml) of each unknown and blank eluate were analyzed 
for total anthrone-sensitive carbohydrate (12), using recrystallized trehalose 
dihydrate as a standard. Blank eluates contained less than 5 wg per ml of 
anthrone-sensitive substances. Another portion (0.6 ml) of blanks and un- 
knowns was hydrolyzed for 5 hours at 100° C in 1.5 N sulphuric acid, together 
with standards containing 60 ug of trehalose dihydrate, which was 98 to 100% 
hydrolyzed by this treatment. All samples were then neutralized to Congo 
red paper by dropwise addition of N sodium bicarbonate, after which they 
were diluted to 2.0 ml with water. Portions of the solution (0.4 or 0.8 ml) 
were then analyzed for glucose. Quantitative correspondence between 
results obtained by anthrone and glucose oxidase analysis, respectively, was 
regarded as good evidence that trehalose and no other carbohydrate was 
present in the eluate. Many eluates, however, contained too little carbo- 
hydrate for this purpose. In'these, it was usually possible to obtain a quantita- 
tive estimate with the anthrone reagent, followed by qualitative identifi- 
cation of glucose in the hydrolyzed eluates. 

Direct assay of trehalose eluates for free glucose was always negative. 
The chromatographic separation of glucose from trehalose was therefore 
complete. 


Results 


Extracts prepared from 71 invertebrate species were examined for trehalose 
and glucose. In 23 of these extracts quantitative analysis of trehalose 
eluates by anthrone and glucose oxidase methods was performed. In the 
remainder, with only a few exceptions, quantitative anthrone assay was 
supported by qualitative demonstration of glucose in the hydrolyzed eluates. 
Color and rate of color development in anthrone-positive eluates were invari- 
ably similar to those of trehalose or glucose standards. 
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In general, only a few well-separated bands appeared when circular chro- 
matograms were stained with silver nitrate, although this reagent is by no 
means specific for carbohydrates. Two of these bands usually appeared in 
the trehalose and glucose positions, and in most helminths and several other 
species were the only bands visible. A remarkable feature of all chromato- 
grams was that benzidine — trichloroacetic acid staining, followed by examin- 
ation under ultraviolet light, was never positive except in the glucose position. 
The presence of detectable amounts (about 0.03 to 0.05% of tissue solids) 
of reducing disaccharides or trisaccharides, or of acid-labile non-reducing 
oligosaccharides such as sucrose, raffinose, or melezitose was thus immediately 
excluded. Most extracts contained a substance, therefore, with the same 
chromatographic mobility as trehalose, and similar also in being non-reducing 
to benzidine and relatively stable towards acids. 

The main difficulty encountered in preparative chromatography of desalted 
extracts, particularly those of marine species, was a result of the low con- 
centration of carbohydrate relative to that of other mobile substances. In 
most species this problem was solved by developing thoroughly equilibrated 
papers with a fast-running solvent of low viscosity, such as ethylacetate — 
acetic acid — water. A few extracts, which could not be satisfactorily re- 
solved, were abandoned. 

The trehalose and glucose content of 14 helminths is set out in Table I. 
In eight species there was quantitative agreement between anthrone and 
glucose oxidase methods for the determination of trehalose. Glucose was 
present in hydrolyzates of the trehalose fractions obtained from three other 


TABLE I 


TREHALOSE AND GLUCOSE CONTENT OF HELMINTH PARASITES 














Trehalose 








Total carbo- Glucose in Recovery of Glucose, 
hydrate in hydrolyzed carbohydrate % of 
eluate, % of eluate,%of as glucose, tissue Glucose/ 
Species tissue solids tissue solids % solids trehalose 


Nematoda 


Porrocaecum decipiens (larvae) 2.18 2.20 104 0.16 0.074 
Trichinella spiralis (larvae) 1.76 1.74 99 0.04 0.023 
Uncinaria stenocephala 0.91 0.92 102 0.77 0.85 
Trichuris ovis 0.48 0.49 102 0.09 0.19 
Ascaridia galli 0.38 0.40 106 0.78 2.0 
Heterakis gallinae 0.10 Present 0.43 4.3 
Litomosoides carinii 0.06 Present 0.01 0.15 
Ascaris lumbricoides (hemolymph) 4.0 ot 94 0.07 0.0017 
Cestoda 
Hymenolepis diminuta 0.22 0.19 86 0.19 0.86 
Raillietina cesticillus 0.10 0.14 1.4 
Moniezia expansa Trace 0.06 
Taenia taeniaformis 0.00 0.00 
Trematoda 
Fasciola hepatica 0.11 Present 
Acanthocephala 


Moniliformis dubius 2.3 2a 100 3.0 ‘3 
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species. A fifteenth species (Schistosoma mansoni; Trematoda) which was 
examined only by circular paper chromatography was positive for trehalose 
and negative for monosaccharides. Trehalose concentrations in nematodes 
ranged widely from 4% of the tissue solids in Ascaris lumbricoides hemolymph 
to 0.06% in Litomosoides carinii. In most species the glucose—trehalose 
ratio was considerably less than one. Four cestodes and a trematode con- 
tained little or none of either sugar, whereas the acanthocephalan Monili- 
formis dubius contained large amounts of both. 

Both trehalose and glucose were present in most free-living invertebrates 
but, with certain exceptions, the concentration was not high, and the glucose— 
trehalose ratio was greater than one. Table II summarizes results obtained 
with 15 species in which the quantitative comparison already described 


TABLE II 


TREHALOSE AND GLUCOSE CONTENT OF FREE-LIVING INVERTEBRATES 


Trehalose 





Total carbo- Glucose in Recovery of Glucose, 
hydrate in hydrolyzed carbohydrate % of 
eluate, % of eluate,%of as glucose, tissue Glucose/ 
Species tissue solids tissue solids % solids trehalose 


Protozoa 


Tetrahymena pyriformis (FW)* 0.80 La 91 


Mollusca 
Gastropoda 
Bulinus africanus (FW) 1.55 4. 90 
Australorbis glabratus (FW) sae ; 86 
Nassa obsoleta (M) 0.47 : 92 


Pelecypoda 
Lampsilis recta (FW) a i 
Lampsilis ovata (FW) , ; 90 
Pecten irradians (M) ea na 103 
Modiolus modiolus (M) 0. ; 86 


Cephalopoda 
lllex illecebrosus (M) ; oan 72 


Annelida 


Polychaeta 
Diopatra cuprea (M) 2 y 78 


Hirudinea 
Dina fervida (FW) e 95 
Arthropoda 


Insecta 
Dytiscus sp. (larvae) (FW) -42 .44 


Isopoda 
Asellus militaris (FW) .23 25 
Porcellionides pruinosus (T) 0.20 21 


Amphipoda 
Orchestidea sp. (M) .30 24 80 





FW = fresh water; M = marine; T = terrestrial. — 7 
*The reliability of the trehalose analysis in this species is uncertain because of the complexity of the 


chromatogram. 
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(Table I) was possible. The average recovery of glucose from the hydrolyzed 
trehalose fraction was 92%. Two fresh-water snails (Bulinus africanus, 
Australorbis glabratus) contained particularly large amounts of the two 
carbohydrates. 

Other species examined are listed below. Figures following the specific 
name refer to trehalose and (in italics) glucose concentration, respectively. 
M, FW, and T refer to marine, fresh-water, and terrestrial habitats. 


PROTOZOA 
Trypanosoma cruzi, <0.05, 0.06. 
PORIFERA 
Haliclona oculata (M), 0.03, 0.57; Microciona prolifera (M), 0.07, 0.43. 
CNIDARIA (Coelenterata) 
Metridium senile var. dianthus (M), 0.06, 0.38; Cyanea capillata (M), 
trace, 0.0. 
CTENOPHORA 
Mnemiopsis leidyi (M), 0.0, trace. 
PLATYHELMINTHES 
Stylochus zebra (M), 0.21, 1.1; Bdelloura candida (M), 0.53, 0.23. 
RHYNCHOCOELA (Nemertea) 
Cerebratulus lacteus (M), 0.0, 1.9; Micruris affinis (M), trace, 0.44. 
ANNELIDA 
Class Polychaeta 
Harmothée imbricata (M), 0.05, 0.37; Glycera dibranchiata (M), 0.07, 0.18. 
Class Oligochaeta 
Lumbricus terrestris (T), 0.21, 0.10. 
Class Hirudinea 
Glossiphonia complanata (FW), trace, 0.27; Hellobdella stagnalis (FW), 
0.12, 0.03. 
SIPUNCULOIDEA 
Golfingia gouldi (M), 0.04, 0.16. 
ARTHROPODA 
Class Onychophora 
Peripatus novaezelandiae (T), 0.05, 0.08. 
Class Crustaceae 
Order Decapoda 
Pagurus longicarpus (M), 0.11, 0.50; Hippa (Emerita) talpoida (M), 
0.13, 0.35; Homarus americanus (M), 0.05, 0.02; Neopanopeus 
texana sayi (M), 0.06, 0.07; Cambarus gastoni (FW), 0.08, 0.41. 
Order Amphipoda 
Gammarus fasciatus (FW), trace, 0.70. 
Class Merostomata 
Limulus polyphemus (M), 0.0, 0.12. 
Class Arachnida 
Order Phalangida 
Unidentified species (T), 0.25, 1.05. 
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MOLLUSCA 
Class Amphineura 
Chaetopleura apiculata (M), trace, 0.45. 
Class Gastropoda 
Crepidula fornicata (M), 0.29, 0.13; C. plana (M), 0.10, 0.14; Littorina 
litorea (M), 0.26, 0.18; Urosalpinx cinerea (M), 0.12, 0.08; Thais 
lapillus (M), trace, 0.13; Busycon (Fulgur) canaliculatum (M), 0.03, 
0.03. 
Class Pelecypoda 
Solemya velum (M), 0.08, 0.75; Yoldia limatula (M), 0.19, 0.31; Mytilus 
edulis (M), 0.12, 0.19; Tellina tenera (M), 0.10, 0.38; Spisula (Mactra) 
solidissima (M), 0.09, 0.11. 
ENTOPROCTA 
Alcyonidium verrilli (M), 0.08, 2.0. 
ECHINODERMATA 
Class Asteroidea 
Asterias forbesi (M), 0.13, 0.49; Henricia sanginolenta (M), 0.41, 0.72. 
Class Echinoidea 
Arbacia punctulata (M), 0.03, 0.26; Thyone briareus (M), 0.02, trace; 
Leptosynapta inhaerens (M), 0.02, 0.73. 


Discussion 


There are three structural isomers (a-a, a—B, B-8) of trehalose, although 
none but the a—-@ form is known to occur naturally. No configuration other 
than that of trehalose is possible for a non-reducing disaccharide consisting 
of two glucose units. The substance dealt with in this report is clearly non- 
reducing and easily distinguished from reducing disaccharides, or non-reducing 
but acid-labile oligosaccharides, had any of these been present. Moreover, 
in 23 species glucose was the only carbohydrate entering into the structure of 
the unknown, and in most other species it was a structural component. The 
only question to be decided, therefore, is whether the unknown substance is 
actually a disaccharide. This seems extremely probable on the basis of its 
chromatographic mobility, and because a substance behaving identically has 
actually been isolated from several other species (5, 6, 8, 16). A more suit- 
able method than that reported here for the determinatiori of trehalose may 
possibly be based on the action of a specific trehalase isolated from larvae of 
the wax moth (Galleria mellonella) (10), which was reported after the present 
investigation had been concluded. This would be particularly useful for 
examining the many species in which its identity, owing to low concentrations, 
cannot be said to be decisively established. 

A number of marine organisms whose trehalose concentration was low 
nevertheless contained an unidentified substance with a similar mobility in 
solvents, and which stained strongly with silver nitrate. This material, 
unlike trehalose, also reacted with triphenyltetrazolium chloride, and quickly 
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reduced permanganate—periodate (11), with which trehalose reacts weakly 
and slowly. It was always negative, however, to more specific carbohydrate 
stains such as benzidine — trichloroacetic acid, and no evidence was found 
which pointed to a carbohydrate structure. A rhynchocoele, Cerebratulus 
lacteus, provides an example in which this substance is abundant, but in which 
no carbohydrate could be detected by anthrone or glucose oxidase analysis. 
It was never present in parasites, and only rarely in fresh-water invertebrates. 

In several nematodes trehalose is much more abundant than glucose, so 
that in this respect they resemble certain insects (4, 8, 16). Arthropods 
other than insects contain only small amounts of both sugars, as do the 
cestodes and trematodes which were studied. The two carbohydrates were 
generally present in species representative of other phyla, although seldom 
in large amounts. 

No obvious phylogenetic correlation in the distribution of carbohydrates 
was apparent, nor was trehalose confined to species living in particular habitats. 
It may be, therefore, that trehalose will eventually be accepted, like glucose, 
as a carbohydrate occurring widely in invertebrates. Since most chromato- 
grams were stained more strongly in the glucose and trehalose positions than 
elsewhere it is likely that these are the predominant sugars in the tissues. 
No evidence for the presence of disaccharides other than trehalose was found, 
nor does it seem probable that hexoses other than glucose were ever present 
in appreciable amounts. 

Although it is not yet possible to compare the metabolic functions of 
glucose and trehalose, a few observations are of interest. Passey and Fair- 
bairn (13) reported that the trehalose reserves of embryonating Ascaris 
eggs were depleted during the period of active cell division, and were there- 
after resynthesized by the vermiform embryo. In insects, several reports 
which have been summarized by Wyatt and Kalf (16) are agreed that the 
trehalose of hemolymph can support the energy metabolism of the flight 
muscles, and that this trehalose can be synthesized from dietary monosac- 
charides. Frérejacque (7) also reported that several insects contained an 
enzyme which hydrolyzed trehalose much more rapidly than sucrose or 
maltose, while Kalf and Rieder (10) have recently prepared a specific trehalase 
from Galleria mellonella. Thus, there is reason to believe that trehalose 
may either share certain aspects of energy metabolism with glucose, or sub- 
stitute successfully for it. 
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OBSERVATIONS ON THE REARING OF LARVAE, PUPAE, 
AND ADULTS OF SOME AEDES MOSQUITOES OF NORTHERN 
CANADA! 


W. E. BECKEL 


Introduction 


The establishment of colonies of mosquitoes is of major importance to 
laboratory research on these animals. Many species have been reared and 
many different methods evolved to rear them (see Horsfall, 1955 (5) for 
literature on rearing), but there has been no successful colonization of Aedes 
mosquitoes of northern Canada. It therefore seemed valuable to investigate 
methods of rearing larvae, pupae, and adults in an effort to establish such 
colonies. The results of some experiments to accomplish this are given below. 

Attention was first directed to the larvae and pupae. It was hoped that 
methods similar to those used for other species would be applicable to northern 
species and in general this was the situation. But there were many variables 
to be investigated. Those of greatest interest to us were the medium in which 
the larvae develop, the aeration of this medium, the composition and avail- 
ability of the food eaten, the containers in which the larvae develop, and the 
temperature. 

The approach to adult rearing was to cage groups of adults, obtained from 
larvae and pupae collected in the field, and to so vary the conditions as to 
keep them alive as long as possible in order to induce them to mate and to lay 
eggs. This involved evaluation of the best type of cage, the best nutrient, 
and the optimum temperature, humidity, and light. Many of the ideas from 
the literature on mosquito-culture technique were used, but great difficulty 
was found in discovering and controlling all the variables involved in rearing 
the northern species of Aedes. The data on adult rearing are, unfortunately, 
not as complete as would be‘ desired. The opportunity to replicate many 
of the experiments was not possible owing to unavoidable circumstances, 
but for those interested the results obtained are presented. 


Larvae and Pupae 

Materials and Methods 

As the environment around Fort Churchill, Manitoba, where the work was 
done, supported large numbers of Aedes communis (DeGeer) larvae, which 
are easily collected in the early instars, this species was used almost exclusively 
throughout the study on larvae and pupae. Some experiments were per- 
formed with other species and where this was done these are specified. 

The larvae of Aedes communis were collected in the first and second instars, 
in the field, from pools where they occur in large concentration and in com- 
pany with no other species of mosquitoes. They were transferred to the 


1Manuscript received April 28, 1958. : 
Contribution from the Department of Zoology, University of Toronto, Toronto, Ontario. 


Can. J. Zool. 36 (1958) 
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laboratory in large glass carboys. Some attempts at rearing were made at 
temperatures corresponding to those in the field. Where this was the situ- 
ation the larvae from the carboys were transferred immediately, by wide- 
mouth dropping pipette, into the medium and containers to be used. Those 
larvae to be reared at room temperatures (20+2° C) were left in their natural 
pool water for 24 hours while the water temperature gradually rose. They 
were then transferred by pipette to whatever experimental conditions had 
been designed for them. 

In most experiments the number of living larvae was counted every 2 days. 
A subtraction showed how many had died. Very few dead larvae were 
found as the live ones usually devoured them. Pupae were counted as they 
appeared and were always isolated in a separate container of distilled water 
for emergence. By thus standardizing the treatment of the pupae the 
experiments tested only the effect of the experimental conditions on the 
larval rearing. 

The experimental media tried were distilled water, tap water, natural pool 
water, and a mixture of salts in distilled water (Bates, 1949 (1), medium 
*“‘S’). In most experiments 350 ml of medium was used. This was usually 
changed every 2 days. 

For containers, pyrex moist chamber dishes and porous earthenware 
saucers (flowerpot saucers) were tested. The pyrex dishes were 145 mm in 
diameter and 40 mm high; 350 ml of medium had a depth of 20 mm. The 
earthenware saucers were 150 mm top diameter, 120 mm bottom diameter, 
and 35 mm high; 350 ml of medium had a depth of 22 mm. When containers 
are compared it must be considered that more than one variable is involved, 
for example, the difference in opacity and color and the sloping sides of the 
saucers as compared with the straight sides of the pyrex dishes. However, 
surface area and depth of medium in each are almost identical. 

In some containers the medium was artificially aerated. Aeration con- 
sisted of a constant discharge of air, of approximately 200 small bubbles 
3 to 5 mm in diameter a minute, from the end of a glass capillary tube into 
the medium. Dishes with no special aeration were left exposed to the air of 
the room. 

The nutrients consisted of food available in natural breeding-pool water 
with some pool bottom and vegetation, dog food (Gaines Krunchons), and 
Fleischmans Royal dry yeast. The dog pellets were ground on an emery 
wheel and the grindings sifted through 60- and 100-mesh wire screen. The 
siftings from 60-mesh screen were designated as fine dog food, those from 
100-mesh screen as superfine dog food. In the fine dog food there was, of 
course, much superfine food but in the superfine, no fine food. When super- 
fine food was compared under a microscope with the fine dog food many 
more particles smaller in size than the distance between the fully open man- 
dibles of a first-instar larva were found in the superfine food. 


*Bates medium ‘‘S” consists of 1 g magnesium sulphate (MgSQ,.7H20), 0.5 g calcium 
sulphate (CaSO,.2H20), and 0.5 g sodium chloride (NaCl) per liter of distilled water. 
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The amount of food was varied in an effort to feed an optimum amount. 
Yeast was given with all the dog food experiments, either 20 or 25 mg every 
2 days. 

When the medium was changed the larvae were removed by wide-mouth 
pipette from their original container, washed once in distilled water, and 
placed in a new container with new food and medium. Before use the con- 
tainers were washed with detergent (Calgon), rinsed well with tap water and 
distilled water, and autoclaved to insure standard cleanliness. 


Results 


The results of experiments to test the effect of earthenware or pyrex dishes, 
of quantities of food, of fineness of food, of aeration compared with no aeration, 
and of distilled water as opposed to a salt solution are given in Table I. 

Aeration in all instances increased pupation. The effect of aeration on 
subsequent emergence depended, however, on the container used for the 
larval stages. With earthenware saucers aeration decreased emergence where- 
as with pyrex dishes the reverse was the situation. 


TABLE I 
RESULTS OF REARING MOSQUITO LARVAE UNDER VARIOUS CONDITIONS 


The data above and below the central double line were taken in different years and there- 
fore cannot be equated. Each result is the mean of eight replicates; the standard error, in 
parentheses, is taken from the analysis of variance (the complete analysis can be found in 
Beckel, 1955 (3)). The amount of food mentioned was fed every 2 days; the medium above 
the central double line was distilled water, 350 ml per container changed every 2 days; below 
the line the amount of medium was 350 ml again changed every 2 days and constantly aerated) 





Earthenware dishes Pyrex dishes 





Food Aeration No aeration Aeration No aeration 





Superfine dog food 
0 mg 
Pupation 63.5(5.3) * 
Emergence 17.5(4.6) 


150 mg 
Pupation 59.5(5.3) 
Emergence 18.7(4.6) 


Fine dog food 
150 mg 
Pupation 54.6(3.5) 
Emergence 17.7(3.2) 


Distilled water Bates’ salt solution 
Earthenware Earthenware 
dishes Pyrex dishes dishes Pyrex dishes 








Superfine dog food 
25 mg 
Pupation 
Emergence 
50 mg 
Pupation 
Emergence 
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It is apparent that too much dog food can be deleterious. For pupal 
formation in earthenware or pyrex containers, aerated or not, 150 mg of dog 
food, fine or superfine, every 2 days gave worse results than 50 mg every 2 
days. But for adult emergence when earthenware saucers were used to rear 
the larvae the excess food had no ill effect. However there was an ill effect 
when pyrex dishes were used. 

Evidence of too little food is also apparent. When 25 mg of either fine or 
superfine food is fed every 2 days the results of pupation and adult emergence 
were consistently lower than when 50 mg of food were fed. 

There was no significant difference between superfine and fine dog food, 
nor between distilled water and a salt solution as media. However when the 
salt solution was used solid fecal filaments as long or longer than the larva 
were formed. With distilled water the fecal material broke apart as soon as 
voided. 

In an effort to find a better rearing food than dog biscuit, yeast alone, 
whole wheat flour, egg albumin, and milk powder were fed separately to 100 
larvae. No pupation resulted with these foods. Yeast alone would not 
support growth or life beyond the first few days of larval life. Swamp in- 
fusion, consisting of pool water, pool bottom, and vegetation, was used as a 
food and medium but rarely did more than five per cent of the larvae pupate. 

Tap water with various foods was tried. It was heavily chlorinated and 
proved to be unsatisfactory. When swamp water from the natural breeding 
pools was used as a medium the results did not differ from those with distilled 
water. 

Efforts to improve the rearing success by irradiating the containers with 
various exposures to ultraviolet light during larval development proved 
ineffective. 

To test the effect of density of larvae eight experiments where 100 larvae 
were fed 50 mg of food every 2 days in enamel pans were compared with eight 
experiments where only 15 larvae were present in identical conditions. 
The number of adults emerging was not significantly different (the mean per 
cent for 100 larvae was 18.0, range 1.2 to 24, the mean of 15 larvae was 17.4, 
range 0 to 30). It would be expected that where 15 larvae were present the 
amount of food would be in excess and a smaller percentage of larvae should 
have merged as adults. But such was not the case. This indicated that the 
condition of excess food probably arises in relation to amount of food per 
milliliter of medium rather than amount of food per larvae. However the 
factors operating are at present unknown. 

A factor that would appear important in all the above experiments is the 
pH of the medium during the experiment. Tests in the larval rearing medium 
in the laboratory and in the field pools where the larvae were collected showed 
no extreme variation in pH which was generally close to neutral or slightly 
alkaline. 

When all our laboratory attempts at larval rearing are considered, the great- 
est success with Aedes communis was achieved as follows. To produce the 
most pupae from 100 larvae (over 60%) the conditions for larval rearing were 
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50 mg of superfine dog food and 25 mg of yeast every 2 days, aeration, and 
either earthenware saucers or pyrex beakers with 350 ml of distilled water 
changed every 2 days. To produce the most adults (over 50%) the conditions 
for larval rearing were 50 mg of superfine dog food and 25 mg of yeast every 
2 days, aeration, and pyrex dishes with 350 ml of distilled water changed 
every 2 days. 

A comparison was made between the rearing success in the laboratory and 
in the field. To evaluate adult emergence in the field stainless steel, 40-mesh 
screen cylinders open at both ends were placed in typical Aedes communis 
breeding pools. One of the open ends of the cylinder was pushed well into the 
pool bottom or side and the other was well above water. Each cylinder 
was searched for trapped larvae and macropredators; after these were re- 
moved the cylinders were inoculated with 100 larvae from the surrounding 
pool. When larvae began to pupate, a mesh cone was placed over the open 
end of the screen above the water and the adults were counted and removed 
as they emerged. The percentage emerging in two separate years is compared 
in Table II with controls run in the laboratory. The number of larvae 
emerging in the field were considerably lower than the number in the labor- 
atory. No immediately obvious reason for the striking difference between 
laboratory and field emergence has been recognized. It is true that the 
temperature in the field fluctuated (in one year between 1 and 20° C and in 
another between 1 and 21°C). However the temperature of one set of labor- 
atory containers was also fluctuated (line 3, Table II) with the consequence 


that the days of emergence (38.8) fell between those for the two field experi- 
ments (46.6 and 25). Unless the particular nature of the fluctuation is im- 
portant, which hardly seems likely, it would appear that the effects of temper- 
ature in the laboratory experiment fell between the effects of temperature in 
the two field experiments. Nonetheless the emergence in the laboratory 


TABLE II 


COMPARISON OF LARVAL REARING IN THE LABORATORY WITH REARING IN NATURAL 
FIELD CONDITIONS 


(Number of replicates, in parentheses, follows mean; range, in parentheses, is below the mean) 


Mean number 
of days for Temperature, 
c. 


Conditions % emergence emergence 





Screen cylinders in field pools 
1953 ; 46.6 Fluctuating between 


1 and 20 
1954 ; 25 Fluctuating between 
1 and 21 


Pyrex dishes not aerated, and dog 49.9(8) 38.8 7.2 for 12 hours daily 
food, in the laboratory (30-58) 14.4 for 12 hours daily 


Pyrex dishes not aerated, and dog food, 44.4(8) 12 20+2 
in the laboratory (35-53) 
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situation was much greater, indicating that temperature was not the cause 
of the difference between field and laboratory emergence. It appears likely 
that food was much more available in the laboratory than in the field and it 
may be that this is the reason for the much greater emergence in the laboratory. 

In a few experiments the pupation of Aedes hexodontus Dyar and Aedes 
campestris Dyar and Knab was determined using the conditions described 
above as best for Aedes communis. The larvae used for these experiments 
were hatched in the laboratory from eggs and were therefore set up at a some- 
what earlier stage than was the rule with Aedes communis. In eight experi- 
ments one year with Aedes hexodontus, pupation was 60.4% (range 29-86); 
in four experiments the following year it was 48.4% (range 36-74). Eight 
trials with Aedes campestris gave an average pupation of 79.1% (range 69-99). 
It appears that the rearing of Aedes communis and Aedes hexodontus is similar 
but that Aedes campestris can be reared more successfully than either of the 
other two. 


Laboratory Rearing of the Adults 


Materials and Methods 

Aedes communis was the species used in most of the laboratory experiments. 
This species was easy to collect in large numbers as larvae and pupae and was 
found in preliminary experiments to be autogenous. This lack of need for a 
blood meal to develop eggs obviated the necessity of supplying blood. Some 
groups of Aedes hexodontus, Aedes nigripes (Zetterstedt), and Aedes excrucians 
Walker were tested. 

The adults were obtained by collecting fourth-stage larvae and pupae. 
The larvae were fed until they pupated. Known numbers of pupae were 
placed in the cages but the numbers of adults emerging successfully varied, 
so that the exact number of adults per cage could not be predicted or dupli- 
cated. A record was kept of the number of adults dying each day; in this 
manner mortality during the experiment and the numbers of adults per cage 
were obtained. 

Observations were made of dead adults to see if cause of death could be 
discovered. In most cases no conclusions were reached. However approxi- 
mately three per cent of the adult females of Aedes communis were found 
parasitized by mermithids. As reported by Jenkins and West (1954 (6)) 
mermithids are commonly found in Aedes communis larvae, but no mention 
has been made of them in the adults. Female mosquitoes with nematodes 
in their abdomens showed no sign of egg development. A few mosquitoes 
were found dead with mermithids escaping from their abdomens. 

As the work was an attempt to keep adults alive as long as possible and to 
find out when and how many eggs would be laid under varying conditions, 
the half life of the males and females of each colony, the time of laying, and 
the number of eggs laid were used as a basis of comparison. The half life of a 
colony was taken arbitrarily as the number of days from the date of first 
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emergence of adults of each sex to the date when 50% of the males and females 
were dead. When possible the number of fertile eggs and the number of 
impregnated females were recorded. 

Adults were reared in a laboratory where the temperature varied between 
16 and 26°C. The relative humidity varied between 45 and 98%. Sucrose 
solutions and water-soaked raisins were used as nutrients. The sucrose was 
fed in a flask with a wick inserted into the fluid. The raisins, placed in open- 
meshed cheesecloth bags, were soaked in distilled water and the bags hung 
on a string from the side of the cage. Adults readily accepted both sugar and 
raisins. 

In an attempt to stimulate mating, ultraviolet, infrared, and blue lights, 
cigarette smoke, carbon dioxide, and air currents were tried in various com- 
binations. The size of the cages was varied from 6 by 10 by 11 ft through 
2 by 2 by 2 ft to 24 by 12 by 12 in. 


Results 


Observations on northern black-legged Aedes (Hocking et al., 1950 (4)) 
indicated that in general the mating swarms covered large areas. It was 
assumed that Aedes communis would be similarly eurygamous. A large cage 
6 by 10 by 11 ft containing over 5000 adults was tried in conjunction with 
varied lighting and air currents to induce mating and egg laying. The ex- 
periment was unsuccessful. Some male mating dances were noted but the 
adults died without laying eggs. Better results were obtained when 2 by 2 ft 
cages were used. With Aedes communis, male mating swarms and attempts 
at copulation were noted with or without added stimuli. Mating of Aedes 
communis in the 2-ft cube cages and in cages 24 by 12 by 12 in. was confirmed 
by spermathecae examination. Fertile eggs were also obtained in both sizes 
of cages. 

Twenty-five tests of 2-ft cube cages were made, using Aedes communis 
adults, over a period of 4 years.. Evaluation of the results is difficult because 
samples of adults from different years cannot be compared without reser- 
vation and because the sex ratio and population density per cage varied. 
Usually 1000 adults per cage were sought but the pupae in some cages died 
in larger numbers than in others and the numbers of males and females 
varied. 

The results of 13 tests of 2-ft cube cages covered in copper screening are 
given in Table III. As is common with insect populations the males did not 
live as long as the females. The half lives of the males (4-9 days) is always less 
than that of the females (7-13 days). Within a temperature range of 18- 
26° C the females took an average of 11.6 (range 10-13) days to begin to lay 
their eggs. The average half life of the females was 10 (range 6-13) so only 
slightly over half the females lived long enough to lay eggs. The average 
number of eggs per female (calculated using total number of females, disre- 
garding the possibility that half of them would be dead before they were 
able to lay) is 1.3 (range 0.02—2.9). This is far too low and too variable to 
permit continuous rearing. 
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No correlation was found between the ratio of males to females and number 
of eggs nor between numbers of females and eggs. However a positive 
correlation (C = 0.62, P = .01) was found between number of males and 
number of eggs. The reason for this was not discovered. 

An additional series of experiments was done with cages lined with white 
sheeting in which the adults would be to some extent shielded from external 


TABLE III 
EXPERIMENTS WITH ADULTS OF Aedes communis IN SCREENED CAGES 2 X 2 X 2 ft 
(Temperature, 18-26° C; R.H., 45-98%; food, water-soaked raisins) 


Days 
between 
half life of 
females and 
No. of adults Half life, days Day of date of No. 
—— - firstegg final egg No. of eggs 
Expt. No. J ree 9 laying laying ofeggs per female 


0 380 
—1 250 
—1.5 22 
—2 
—3 
8- —3.5 
10-11 —1.5 
13 < 0 
: —6 
12-13 0.5 
6 —4 
12 0 
10-11 —0.5 


3/50 307 
4/51 210 
11/52 182 
12/52 216 
13/52 151 
14/52 102 
15/52 139 
16/52 197 
17/52 159 
18/52 

19/52 275 
20/52 342 
21/52 


t rre 
NINA ATO D001 


t 
SKM ONOWR KHOR Orb 


e 
SITE OO > 





TABLE IV 


EXPERIMENTS WITH ADULTS OF Aedes communis IN WHITE-CLOTH-LINED CAGES 2 X 2 X 2 ft, 
UNLESS OTHERWISE MENTIONED 


(Temperature, 18-26° C; R. H., 60-85%; food, water-soaked raisins) 





Days 
between 
No. of adults Half life, days half life 
— - Day of females 
first and date No. eggs % female 
Experiment a g J 9 egg first egg No. of per % eggs impreg- 
description laying laying eggs female fertile nated 


1715 e 25.0 15.6 


3/53, screen cage 7 12-13 9 +3.5 


26/52, cloth, room 
lights 5-6 


1/53, cloth, room 
lights 


2/53, cloth, light 
inside 


7/51, cloth, light 
inside 


1/54, cloth, light 


inside pyramid 
shape* 3213 1343 


*One foot square at the top, 6 feet square at the bottom. 





| ae e-e e. . e  e 


BECKEL: MOSQUITOES 805 


stimuli such as disturbance by people in the room, air currents, etc. Some 
cages were illuminated from within; others received only the light froin the 
room lights which were on constantly. The results are shown in Table IV. 
All except 1/54 were 2-ft cube cages. The cage in 1/54 was a pyramid-shaped 
cage 1-ft square on top and 6-ft square at the bottom. 

The conditions in the control cage, 3/53, were similar to those shown in 
Table III except that two to three times as many adults were used. The 
number of eggs per female was 1.7, which is similar to the results of Table III, 
where the average number of eggs was 1.3. When six experiments were done 
with white-cloth-lined cages (26/52 to 1/54) with only one exception (26/52) 
the eggs per female were far above those produced in screened cages. The 
average was 7.35 (range 0.19-11.16). It seems fairly clear that the cloth 
produced a condition which appreciably increased the number of eggs laid. 
The only clue as to the reason for this is that the time from first egg laying 
to when half the females were dead is longer (3 days, range —2 to 6) than is 
found in screened cages (—1.3, range —6 to 3, Tables III and IV), which 
would give time for more females to lay. Following this line of reasoning 
the low results for 26/52 may have been the result of the short half life of the 
females (8-9 days) in relation to the late time for first egg laying (11 days). 

Three of the five cloth-lined cages contained a constant light inside the cage 
mounted within a glass jar in the ceiling. In these three cages the eggs per 
female were 9.08, 6.59, and 11.16 compared with 9.75 and 0.19 in the cloth- 
lined cages lighted only by room light coming through the cloth. Although 
there is an implication by virtue of the greater range with room light than 
with internal light, that internal light increases the number of eggs, it is to be 
noted that this implication arises strictly from one value, namely 0.19. It 
has already been noted that this value may have been low owing to the short 
half life of the females in that particular cage. It would not be correct 
therefore to infer that the additional light had any definite effect on egg 
production. However it appears that the internal illumination did affect 
the relative numbers of females impregnated. In the cages with internal light- 
ing the percentages impregnated were 39.0 and 60.9 as against 19.0 and 15.6 
for cloth-lined cages with only room light. 

Observation of mating activity in both unlined and cloth-lined cages 
indicated that although many pairings took place these were usually unsuccess- 
ful because intromission was not accomplished before the pair came in contact 
with the sides or bottom of the cage. When such contact was made separation 
of the pair occurred. To help prevent abortive mating a cage in the shape 
of a pyramid, as mentioned above, was designed. The cage was cloth-lined 
and illuminated internally. A door and small hole with a cloth sleeve were 
made on one side for access to the inside of the cage. Large enamel trays 
filled with water-soaked absorbent cotton and covered with white cloth were 
placed in the bottom of the cage as oviposition sites. Raisins and sucrose 
were offered as food. 
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The number of eggs per female for this cage was just over 11, more than 
obtained with any 2-ft cube cage. The fertility of the eggs was also much 
higher in the pyramid-shaped cage than in the 2-ft cube cages: 70% as com- 
pared with an average of 24% for the smaller cages. In addition the per- 
centage of females impregnated was higher as would be expected from the data 
on fertile eggs: 60.9% as compared with an average of 24%. But again the 
interaction of many factors makes it difficult to state what might have speci- 
fically influenced the results. There were more males than females; this 
probably contributes to the greater impregnation of the females and the 
higher fertility of the eggs. There was internal illumination and a white 
cloth lining which would aid in producing the better results. But the shape 
of the cage also contributed because many consummated matings, correlating 
with the longer distance for flight from the top to the bottom of the cage, 
were observed. It is unfortunate that the test of this cage could not be 
repeated. 

It is interesting at this point to consider with our best results the possibility 
of establishing a continuous colony of Aedes communis. Of the 15,000 eggs 
produced from 1300 females in the pyramid-shaped cage approximately 70% 
were fertile. Thus 10,500 would be available for hatching. Of these, on 
the basis of the experiments with Aedes hexodontus, approximately 70%, or 
7350, would hatch after 8 months of exposure to cold (Beckel, 1958 (2)). Sixty 
per cent of these, or 4410, would survive with our best rearing conditions 
to date and if these were one-half males and one-half females a number of 
adults not quite equal to the starting population would result. It is unlikely 
that a continuous colony could be established. However, if the females in 
the colony survived better in the second generation than they did in the first, 
i.e. if individuals prone to survive the artificial conditions were selected for, 
then possibly enough fertile eggs would be obtained to continue a colony. 
If hatching and larval rearing were improved, then the probability of a con- 
tinuous colony would be increased. 


Rearing of Other Species 

The experiments with Aedes hexodontus, Aedes nigripes, and Aedes ex- 
crucians produced no fertile eggs. Guinea pigs with shaved backs, and bare 
human arms, were offered as sources of blood meals but none were taken. 
Only when individual females enclosed in a small vial were offered a bare 
arm did feeding occur. Eggs then developed and were laid but none were 
fertile. In one instance 26 females of Aedes hexodontus, reared from first- 
instar larvae in the laboratory, were blood-fed and laid a total of 502 eggs. 
They had been caged with many males but no fertile eggs were obtained. 

An attempt was made to mate and obtain fertile eggs from Aedes campestris 
Dyar and Knab. Larvae hatched from eggs used in diapause experiments 
were reared to give approximately 150 adults. These emerged in a 2-ft 
cube cage and were supplied with bags of water-soaked raisins. They took 
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blood meals readily from a human arm and laid eggs within nine days after 
the blood meal. The ratio of males to females was about 50:50. Sexual 
stimulation, as indicated by erect setae on the antennae of the males, appeared 
almost immediately after emergence. The half life of the colony for males 
was 11 days and for females 15 days. Some abortive mating was noted 
but, whereas a total of 1200 eggs were laid, none proved fertile. 


Summary 


In an effort to find the optimum conditions for rearing northern mosquito 
larvae, experiments were performed to test the following variables: aeration 
of the medium, amount of food, size of the food particles, type of containers, 
media, and temperatures. An analysis of variance was run to test the vari- 
ables. The best conditions found were pyrex dishes, constant aeration, and 
50 mg of superfine dog food and 25 mg of yeast fed every 2 days per 100 
larvae in 350 ml of distilled water changed every 2 days. The best temper- 
ature was 20+2°C. Most of the experiments were done with Aedes communis 
larvae captured in the field, but some were done with Aedes hexodontus and 
Aedes campestris hatched in the laboratory. An experiment under field con- 
ditions showed that survival of larvae in their natural environment was much 
lower than in the laboratory. 

Experiments to induce adult mating and oviposition of fertile eggs of 
northern Aedes were performed using various mating stimuli, different sizes 
of cages, screened and cloth-lined cages, and different illumination. Mating 
and oviposition of fertile eggs occurred with Aedes communis fed only raisin 
juice in 2 by 2 by 2 ft screened cages. Cloth-lined cages exposed to room 
light or illuminated from within improved the number of eggs laid; and 
internal illumination of the cloth-lined cages seemed to improve the impreg- 
nation of the females. The best results were obtained with a large pyramid- 
shaped cage, cloth-lined, and illuminated internally. But insufficient numbers 
of eggs were obtained, regardless of conditions, to maintain a continuous 
colony. No successful mating or oviposition of fertile eggs resulted in cages 
containing adults of Aedes hexodontus, Aedes nigripes, Aedes excrucians, or 
Aedes campestris. 

A note on the occurrence of nematodes in the adults of Aedes communis is 
included. 
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SOME ECOLOGICAL IMPLICATIONS OF THE LEAF-ROLLING 
HABIT IN COMPSOLECHIA NIVEOPULVELLA CHAMB.' 


W. R. HENSON? 


Abstract 


The provision of shelter within tied leaves is shown to increase and modify 
feeding of Compsolechia niveopulvella Chamb. in a manner similar to the effect 
produced by raising ambient humidity. On this basis, the leaf-rolling habit of 
the larvae of this insect is concluded to be of direct selective advantage from the 
viewpoint of water economy as well as habitat temperature. 


Compsolechia niveopulvella Chamb. (Lepidoptera: Tortricidae) is a frequent 
defoliator of trembling aspen throughout much of central and western Canada. 
The species is one of a series of poplar-inhabiting insects which are currently 
being investigated from the viewpoint of their bioclimatology. 

In a recent study of the effects of radiation on the temperatures of a series 
of insectan habitats on poplar leaves, some peculiarities of the Compsolechia 
leaf roll were pointed out (3). The roll constructed by Compsolechia larvae 
is tight, it may be either longitudinal or transverse, and both ends of the roll 
are tied shut with silk. The resulting structure is compact with a very small 
area of leaf exposed to outer air and with the interior cavity of the roll tightly 
sealed (Fig. 1). 

The effect of radiation on the temperature of the interior cavity of the 
Compsolechia roll is roughly linear. At full sunlight, the roll is heated about 
8 Centigrade degrees i the radiation falls on the sides of the roll. With 
radiat on falling along the axis of the roll, the amount of heating is very small 
(3). 

While the modification of the temperature regime by the interaction of 
radiation and habitat has frequently been cited (4) the effect of habitat in the 
modification of atmospheric moisture appears to have been given little at- 
tention. Although Compsolechia habitat construction does not involve any 
structural change in the leaf itself, the rolling of the leaf produces a habitat 
which is very different from that offered by the open foliage. The trans- 
piration of the rolled leaves could, therefore, be expected to be extensively 
modified through the change in boundary layer conditions. Certainly the 
moisture relations of the insects within the roll cavity could be expected to 
differ from those of similar-sized insects feeding openly on unmodified leaves. 

In order to test the effect of the leaf-rolling habit on the moisture relations 
of the insects, it was necessary to devise means of manipulating the habitat 
so that the moisture balance between the leaves and the air could be main- 
tained while changing the habitat geometry. Secondly, the moisture of the 
air surrounding the larvae had to be manipulated without changing the 
geometry of the place where the insects lived. 


1Manuscript received May 2, 1958. 

Joint contribution from the Forest Biology Division (No. 470), Science Service, Depart- 
ment of Agriculture, Ottawa, Canada, and from the School of Forestry, Yale University, 
New Haven, Conn., U A. 

“Yale University, School of Forestry. 


Can. J. Zool. 36 (1958) 
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Fic. 1. Leaf roll of Compsolechia niveopulvella Chamb. on Populus tremuloides. 


Long-continued efforts to measure the humidity within the roll cavity 
were abandoned because no means of making a measurement were found 
which did not involve the use of a wet thermocouple. The liberation of water 
from these wet thermocouples was found to modify the humidity in the 
rolls to a significant extent. 

The two experimental effects were achieved simply. First, rearing con- 
tainers with screened lids providing good ventilation were balanced against 
rearing containers with solid lids giving good water conservation within the 
air of the jars. Secondly, leaves were provided tied to insect pins in such a 
way that the insects could not roll them or tie them together in any way. 
Through these means, the insects were forced to feed on separated foliage or 
starve. In contrast, groups of five leaves were pinned together flat in such 
a way that the insects could feed within the tied bunch but could not roll 
the leaves. Five thicknesses of leaves were provided because it was observed 
that the mean number of turns in a normal leaf roll was two and one-half. 
Thus there would be five thicknesses of leaf from outside air to outside air 
through the roll, and an insect in nature could never be more than three leaf 
thicknesses from the outer air. Because the foliage for the latter treatment 
was supplied as groups of five leaves each, it was convenient to provide all 
foliage for the entire experiment in the form of terminal twigs. Each terminal 
twig was trimmed in a standard manner, and each bore five leaves. 

A 2 X 2 experimental design was used with open lids contrasted with 
closed lids, and tied leaves contrasted with separate leaves. Each of the 
four blocks contained four jars, each jar containing three terminals of five 
leaves each. The leaves were taken from a tree having very uniform foliage. 
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Each terminal was trimmed to the same length, the leaves in excess of five 
were removed, and all the leaf surfaces were minutely examined for insects 
and insect damage. Only terminals with five perfect leaves were used. 
A number of terminals were trimmed, examined, and assigned to jars in a 
sequence set with a table of random numbers. After the leaves were assigned 
to the jars, the terminals were prepared in the appropriate manner, five 
insects were added to each jar, and the jar was covered with the proper 
type of cap. The jars were placed on insectary trays, 16 to a tray, with the 
position on the tray randomized and the tray held in sequence on a rack in an 
insectary. The entire experiment was replicated. 

The insects used were taken from field-collected Compsolechia leaf rolls. 
A large number of 4th-instar larvae were taken from their rolls and placed 
in a 2-gal wide-mouth jar. The insects were assigned to the rearing jars one 
at a time in the order in which they climbed to the holding jar mouth. Since 
the rearing jars were arranged at random on the trays, this method resulted 
in random assignment of larvae to treatment in order of their decreasing 
vigor. In effect, each treatment is considered to have had larvae of all degrees 
of vigor. Daily maximum temperatues during the experiment ranged from 
17 to 23°C. Daily minimum temperatures ranged from 8 to 11.5° C. 

At the end of 1 week the jars were opened and the condition of the larvae 
recorded. Larvae and pupae were transferred to normal rearing containers 
containing fresh unpinned foliage and reared for confirmatory identification. 
The leaves from the experimental jars were unpinned and pressed in a stan- 
dard plant press. After drying, the leaves were measured for total area by 
conversion of leaf length and width (2). No significant variation in leaf 
size was detected. The feeding holes penetrating the leaf were traced on 
fine cross-section paper with India ink wash. Feeding scars not completely 
penetrating a leaf were punched out and traced on cross-section paper sepa- 
rately. The area of leaf eaten, number of holes of each sort, and size of each 
hole were measured. Total hole area, percentage of complete holes, and mean 
hole size were calculated. The number of insects surviving the treatment 
was calculated as a percentage. Replications were discarded if all surviving 
insects did not prove to be Compsolechia niveopulvella after rearing. Repli- 
cations were also discarded if the surviving insects developed signs of disease 
before pupation or if any of the surviving insects proved to have been para- 
sitized. These precautions were required by the known effects of disease 
and parasitism in modifying behavior. The elimination of all compromised 
data from the analysis reduced the amount of replication considerably but 
was considered essential on biological grounds. 

The data were analyzed by a standard analysis of variance. Percentage 
data were transformed by the arc/sin transformation (1). Variance ratios 
were compared with the distribution given by Fisher and Yates (1). Since 
replications were never found to give mean squares approaching significance, 
mean squares for replication were lumped with the error term, a procedure 
which increased the sensitivity of the analysis. 
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The experiment was done over a brief period only, so that the effect of 
treatments on the feeding behavior of the insects would not be confounded 
with an effect of treatment on the survival. Treatment means of percentage 
survival together with a summary of the analysis is presented in Table I. 


TABLE I 


EFFECT OF JAR CLOSURE AND LEAF BINDING ON SURVIVAL OF LARVAE 





Open lid Closed lid 





Tied leaf Separate leaf Tied leaf Separate leaf 


Percentage survival of larvae 





65 70 85 
60 70 90 


Data were transformed by the arc/sin method 





Summary of analysis 


Source Sum of squares Degrees of freedom Mean squares 


Total 7 


51.51 1 51.51 

Leaf 192 :25 1 112.25 

Lid X leaf 289.74 i 289.74 
4 


Error 299.86 74.98 
(replications lumped with error; see text) 








From these data, it is seen that the experimental treatments did not induce 
significant mortality. The over-all mean survival is rather lower than that 
experienced in ordinary rearing work. However, this may be attributed to 
the extra handling of the insects and the unusual food condition. At the end 
of the experiment, the food was rather dried and, certainly, fresh food would 
be added after two or three days in any standard rearing practice. The very 
heavy mortality experienced in the second half of the separate leaf-closed 
lid cell must have taken place toward the end of the experiment as the total 
amount of feeding within the cell was normal (see Table IT). 

The effects of the treatments on the area of feeding holes which completely 
penetrated the leaf is illustrated in Table II. Treatment means and a sum- 
mary of the analysis are presented. Closed lids permitted a greater area of 
feeding than open lids, and tied leaves permitted a greater area of feeding 
than open or separate leaves. The interaction was not significant. 

Feeding which resulted in the complete removal of the leaf tissue from 
an area of leaf did not represent the sum of the feeding. Treatment mean 
percentages of total feeding represented by the totals of Table II are presented 
in Table III. The data were transformed by the arc/sin percentage method 
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(1). A summary of the analysis is included in the table. The type of 
closure did not affect the percentage of holes which were completed. However, 
leaf binding had a marked effect in increasing the percentage of completion 
of holes and this was more marked in the jars with open lids. In other words, 
the binding of leaves had a more significant effect on en behaviors 


in the drier environment. 


TABLE II 


EFFECT OF JAR CLOSURE AND LEAF BINDING ON AREA OF COMPLETE FEEDING 








Open lid Closed lid 


Tied leaf Separate leaf Tied leaf Separate leaf 


483 229 793 673 
367 155 1135 742 


Areas are in square millimeters 


Summary of analysis 


Source Sum of squares Degrees of freedom Mean squares 





Total 


Lid 555985 .97 555985 .97 34.628** 
Leaf 122265 .64 122265 .64 7.615* 
Lid X leaf 276.15 276.15 0.017(N.S.) 


Error 64222.50 16055 .62 





TABLE III 


EFFECT OF JAR CLOSURE AND LEAF BINDING ON PERCENTAGE OF COMPLETE PERFORATION 
FEEDING 











Open lid Closed lid 


Tied leaf Separate leaf Tied leaf Separate leaf 


96.79% 70.89% 85.63% 76.91% 
96.07% 59.38% 92.50% 79.95% 


Data were transformed by the arc/sin method 


Summary of analysis 


Sum of squares Degrees of freedom Mean squares 


Sia 7 





0.04 0.003(N.S.) 
: 578.00 50.560** 
Lid X leaf ; 138.11 12.080* 


Error A 11.97 
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The feeding behavior which resulted in damage not extending through 
the leaf was recorded separately from the damage producing complete holes. 
It was felt that a distinct behavior pattern was involved when one epidermis 
of the leaf was left undamaged. The larvae feeding in such a way could not 
adopt a normal attitude to the feeding cut and they would be exposed to the 
atmospheric conditions on one side of the leaf only. During normal feeding, 
the heads of the insects are exposed to air on both sides of the leaf. However, 
the entire leaf layer attacked is enclosed in a leaf roll so that the larva has no 
contact with the outer air. 

The effects of the treatments on area of partial feeding injury are presented 
in Table IV. Treatment means and a summary of the analysis are included. 
Closed lids and separate leaves increased the area of partial feeding. The 
interaction was not significant. 
















TABLE IV 






EFFECT OF JAR CLOSURE AND LEAF BINDING ON AREA OF PARTIAL FEEDING 

















Open lid Closed lid 
Tied leaf Separate leaf Tied leaf Separate leaf 
16 94 133 202 
15 106 92 186 







Areas are in square millimeters 








Summary of analysis 















Source Sum of squares Degrees of freedom Mean squares F 











Total 7 

Lid 18240.50 1 18240.50 93 .964*** 
Leaf 13778.00 1 13778.00 70.970** 
Lid X leaf 4.50 1 4.50 0.020(N.S.) 
Error 776.50 4 194.12 















The sum of the treatment means from Tables II and IV is considered to be 
a measure of the total amount of feeding within the experiment. The over-all 
effect of the different response of the larvae to the treatments with respect to 
total and partial feeding may be evaluated by an examination of these totals. 
The effects of the treatments on total area of feeding are presented in Table V. 
Treatment means and a summary of the analysis are included. 

Closed lids increased the total amount of feeding. Tied leaves apparently 
had an effect on the amount of feeding but the effect fell just short of the level 
of 5% significance. It will be recalled that tied leaves increased the area of 
complete holes and reduced the area of partial holes, and the antagonism of 
these two effects probably accounts for the diminution of significance in the 
effect of tied leaves on the total area of feeding. 
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Some indication of the nature of the effect of the experimental treatments 
on the amount of feeding may be gathered from the number and size of the 
holes which went to make up the totals so far examined. The effects of the 
experimental treatment on the total number of holes are illustrated in Table 
VI. Closed lids increased the number of holes. Leaf binding and the inter- 
action were not significant. 

The effects of the experimental treatments on the mean size of the holes 
are illustrated in Table VII. 


TABLE V 


EFFECT OF JAR CLOSURE AND LEAF BINDING ON TOTAL AREA OF FEEDING 








Open lid Closed lid 








Tied leaf Separate leaf Tied leaf Separate leaf 


499 323 926 875 
382 261 1227 928 








Areas are in square millimeters 








Summary of analysis 


Sum of squares Degrees of freedom Mean squares 


7 





775635 .12 1 775635 .12 92.910*** 
Leaf 52326.12 1 52326. 12 6 .278(border) 
Lid X leaf 351.12 1 351.12 0.420(N.S.) 
4 


Error 35393. 38 8348.34 
TABLE VI 
EFFECT OF JAR CLOSURE AND LEAF BINDING ON NUMBER OF FEEDING HOLES 


Open lid Closed lid 


Tied leaf Separate leaf Tied leaf Separate leaf 


38 28 49 40 
26 20 56 48 


Summary of analysis 


Source Sum of squares Degrees of freedom Mean squares 


Lid X leaf 


Error 
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TABLE VII 


EFFECT OF JAR CLOSURE AND LEAF BINDING ON MEAN SIZE OF HOLES 






















Open lid Closed lid 
Tied leaf Separate leaf Tied leaf Separate leaf 


18.80 21.87 
20.10 19.33 























11.53 
13.60 


13.14 
14.60 










Area of hole in square millimeters 

















Summary of analysis 
























Source Sum of squares Degrees of freedom Mean squares F 
Total 7 
Lid 92.68 1 92.68 56.165** 
Leaf 0.01 1 0.01 0.001(N.S.) 
Lid X leaf 3.05 1 3.05 1.843(N.S.) 
Error 6.62 4 1.84 





Closed lids increased the size of the holes. Leaf binding and the interaction 
had no significant effect. 

A summary of the effects of the experimental treatments on all the criteria 
tested is presented in Table VIII. The level of significance and the direction 
or sign of the effect are indicated. The effect of closed lids on the environment 
which was offered the insects was a reduction in ventilation. This increased 
the humidity within the jars and reduced the rate of water loss from the leaves 
and insects alike. The only humidity measurements made indicate that with 
closed lids, jar humidity varied from 80 to 100%. With open lids, jar humidity 
varied from 45 to 100% and averaged 10% higher than that of the insectary 
air. Direct humidity measurements were not made during the actual experi- 
ments because the liberation of moisture from the wicks necessary for such 
measurements would materially affect the humidity within the jars. 















TABLE VIII 


SUMMARY OF THE EFFECTS OF JAR CLOSURE AND LEAF BINDING ON FEEDING 



















Closed lids Tied leaves Lids 
vs. vs. x 
Criterion open lids separate leaves leaves 










% survival N.S. N.S. N.S 
Area complete holes *** plus *plus N.S 
% holes complete N.S. **plus . 

Area partial holes ***plus **minus N.S 
Total hole area ***>lus ? plus N.S 
Total number of holes *plus N.S. N.S 
Mean hole size **plus N.S. N.S 













* Significant at 5% level. 
** Significant at 1% level. 
***Significant at 0.1% level. 
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The modification of water balance provided by the closed lids increased 
all types of feeding and the number and vigor of feeding strikes as indicated 
by number and size of leaf holes. For the purpose of this analysis, these 
effects may be of advantage to the insects since the rate of ingestion is limiting 
to the growth rate. 

The effect of tied leaves on the environment offered to the insects was 
subject to error brought about by insect action. There was no method of 
forcing the insects to enter the tied leaves and hence subjecting themselves 
to the experimental treatment. Fully fed insects appear weakly photopositive 
to a diffuse light source. Since the jars were held in the shade of the in- 
sectary but otherwise exposed to diffuse light from the sides, phototaxes may 
have tended to keep the insects from the food. Starved larvae appear 
indifferent to diffuse light and only slightly negative to discrete light sources. 
On this basis, it is felt that light reactions did not play a significant role in 
the experiment. Most of the insects did, in fact, enter these leaves and no 
actual feeding on outside leaves of the tied bunches was seen. However, 
from time to time, insects were seen outside the tied bunches and it was not 
possible to measure the exact extent to which this affected the experimental 
treatment. 

However, provided the insects entered the bunches of tied leaves, the 
environment offered would have been in most ways similar to that of a leaf 
roll with the important exception that the living space was laminar instead 
of cylindrical. The average number of layers of leaf between the insects 
and outside air would have been two and one-half. The effects of this 
environment would have been to decrease the water loss from the insects 
and to decrease the mean rate of water loss from the leaves. Secondly, 
three out of five of the leaves of each tied bunch would have been between 
other leaves so that as the insect cut through them, the air space on both sides 
of the attacked leaf would have this lowered evaporation rate. 

This experimental treatment increased the area of feeding strikes which 
resulted in complete removal of the leaf tissue, but decreased the area of in- 
complete feeding strikes. It also increased the proportion of feeding strikes 
which were complete. While total area feeding was increased only to border- 
line significance, there is no doubt that the total amount of tissue consumed 
was increased. The total area attacked contained a significantly smaller 
proportion of partial feeding areas. 

All these effects may be of advantage to the insects since they represent an 
increase in feeding rate which was attributable to the particular environment 
provided by the tied leaves. The fact that the area of partial feeding was 
reduced when the insects were feeding on leaves entirely surrounded by other 
leaf layers suggests that the insects enclosed in moist air tend to avoid cutting 
through a leaf surface if this action exposes them to dry air. In the field, it 
is very uncommon to find feeding in Compsolechia leaf rolls penetrating the 
outer layer of the roll before the last few hours of feeding and subsequent 
abandonment of the roll. It is common to find rolls abandoned with the outer 
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leaf layer intact and all interior leaf tissue completely eaten. The results 
of this study therefore suggest that the leaf-rolling habit is of material advant- 
age to the insect in the conservation of moisture. This advantage permits 
an increased feeding rate and more complete utilization of the leaves than 
would be possible if the insect had to feed on unmodified foliage. 

The combination of this effect of the leaf roll with its effect on the tem- 
perature under which the insect lives (3) represents an order of change of 
paramount importance in the animal’s environment. A conservative calcu- 
lation, based on the data presented in Table II, indicates that the over-all 
effect of the tied leaf treatment was to increase feeding rate by a factor of 1.56. 
This is probably considerably smaller than the effect of normal leaf rolls. 
Moreover, a conservative estimate of 50% full isolation during the period of 
larval development would result in a mean daytime temperature of leaf rolls 
4° higher than the ambient temperature (3). Based on a mean daily maximum 
of 18.5° for the larval period of Compsolechia at Banff, Alberta, a further 
elevation of 4° would increase the number of degree days above 6°. Assuming 
the feeding rate — temperature relationship is roughly linear at this tempera- 
ture level, the final net feeding rate would be in the order of two times that 
which the insect could maintain on open foliage. Such calculations are of 
course highly speculative but they serve to suggest the very great ecological 
importance of the demonstrated physical effects of leaf rolling. 




























Summary 





1. Reduction of water loss by restricting ventilation permits larvae of Comp- 
solechia niveopulvella Chamb. to increase the amount of foliage eaten. 

2. An artificial shelter made from the leaves of poplar trees permits the larvae 
to increase the amount of foliage eaten compared with that consumed when 
feeding is restricted to single leaves that cannot be rolled. 

3. The demonstrated effect would tend to reinforce the selective advantage 
of the leaf-rolling habit which has already been shown with respect to temper- 
ature. 
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OPHRYOSCOLECIDAE (CILIATA: ENTODINIOMORPHIDA) 
OF REINDEER (RANGIFER TARANDUS L.) FROM THE CANADIAN 
ARCTIC 


I, ENTODINIINAE! 


G. LUBINSKY 


Abstract 


This paper, the first of a series recording findings from the rumen contents of 
14 reindeer from the Canadian Arctic, redescribes 10 species of Entodinium. A 
key to the species of Entodinium of reindeer has been compiled. 


Introduction 


The ciliate fauna of the rumen of reindeer is little known. In 1925 Dogiel 
(4) examined the rumen contents of three reindeer from northern European 
Russia and found 12 species and 5 ‘forms’ of the Ophryoscolecidae. Ten years 
later he (6) reported the results of examining seven additional reindeer from 
European Russia and one from Siberia, bringing the number of species of 
these ciliates found in reindeer to 15, and the number of ‘forms’ to 12. While 
later studies showed some of these forms to be ecotypes, others warrant 
specific or subspecific rank. The fauna of Palearctic reindeer introduced into 
Canada has not been studied previously. Collections made by Dr. L. K. 
Whitten of this Institute, from a Canadian stock of reindeer originally intro- 
duced from Siberia, made possible the first survey of the ciliates of these 
animals in Canada. This paper deals with some of the results of the examin- 
ation of this material. 


Materials and Methods 


The rumen contents of 14 reindeer were collected at Reindeer Depot, 
Aklavik, N.W.T., in December, 1955, and December, 1956. The material, 
fixed in 10% formalin, was fastened to slides by a modification of Westphal’s 
(16, 9) method and stained with Ehrlich’s haematoxylin. For the study of 
skeletons thick films were stained with Bauer’s stain and counterstained 
with Ehrlich’s haematoxylin. Semipermanent preparations were made by 
staining thick films with Weigert’s iodine and rapidly upgrading, dehydrating, 
and mounting in Permount. These preparations remained adequate for 2 
to 4 months, depending on room temperature. Drawings were prepared 
with the aid of an Abbé-type drawing apparatus. Measurements given are 
those of stained specimens mounted in Permount. Only individuals with 
resting micronucleus were measured. 

Unless otherwise stated, the food of all species described consisted of bacteria, 
yeasts, and plant debris. 
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Morphological Terminology 


Previous papers (10, 11) showed the terms ‘dorsal’ and ‘ventral’ sides to be 
inadequate when applied to asymmetric organisms not oriented in relation 
to the force of gravity. It is considered better to designate body sides of such 
organisms by structures proper to them as, for example, the terms ‘oral’ 
and ‘aboral’ pole. One could term the body side of a ciliate near which the 
nucleus is situated, the ‘nuclear’ side. Such terms are adequate for the 
description of the morphological characters of any single genus of the Ophryos- 
colecidae. In this family the nuclear apparatus, the location of which was 
used previously to denote the dorsal side, has shifted during the evolution 
of the higher genera about 100 to 180° around the body axis (10, 11). There- 
fore, the ‘nuclear’ body side of the higher Ophryoscolecidae is not homologous 
with that of Entodinium. However, despite the rotational shift of the nuclear 
apparatus as a whole, the relative position of the micro- and macro-nucleus 
remains unchanged throughout the family. If the observer orientates the 
ophryoscolecid ciliates with their oral ends away from him, towards ‘12 
o'clock’ and with the micronucleus situated to the left of the macronucleus, 
he will always have homologous body surfaces directed towards him, the 
‘left side’ of Entodinium and the ‘right side’ of the higher Ophryoscolecidae by 
Dogiel’s terminology (Figs. 1-3). On or below this body surface are situated 
the most important structures of these ciliates, that is, the left lateral groove 
of Entodinium and Diplodinium s. str., the contractile vacuole of Entodinium, 


and the principal skeletal plates of the higher genera. This side will be called 
the upper side, a term which denotes its position in relation to the observer 
and which has nothing to do with the concept of dorsality and ventrality. 
The opposite body side will be termed the lower side, and the lateral sides, the 
right and left sides. The relations between the new and two pre-existing 
systems of terminology are summarized in Table I. The proposed system 
is very close to that of Stein (15), Schuberg (13), Buisson (2), and some other 


40O 60 


Fics. 1-3. Entodinium longinucleatum, Diplodinium dogieli, and Enoploplastron trilo- 
ricatum viewed from the upper side. (All specimens from the rumen contents of reindeer 


No. 1.) 
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authors, for the designation of body sides of the higher Ophryoscolecidae 
(11). The new terminology has the advantages of using the same terms for 
homologous body sides of the lower and higher Ophryoscolecidae and of 
dispensing with the concept of dorsality in these ciliates. 


TABLE | 
DESIGNATION OF BODY SIDES OF THE OPHRYOSCOLECID CILIATES 


Nomenclature of Eberlein, Nomenclature of Stein, 
Dogiel, and Kofoid Schuberg, and Buisson 
Proposed For higher For higher 
nomenclature For Entodinium genera For Entodinium genera 
Upper side Leit side Right side Ventral side Dorsal side 
Lower side Right side Left side Dorsal side Ventral side 
Right side Dorsal side Ventral side Left side Right side 
Left side Ventral side Dorsal side Right side Left side 
Results 


Species belonging to three subfamilies (Entodiniinae, Diplodiniinae, and 
Ophryoscolecinae) of the Ophryoscolecidae were found in the material. 
The genus Entodinium was represented by the following 10 species. 


1. Entodinium anteronucleatum Dogiel, 1925 (Figs. 4-9), (4: 46-47, Pl. 2, 
Figs. 5a, 6), (5: 49-51, Figs. 14-16), (6: 143, 147) 

Body broadly ellipsoidal with truncated anterior and bluntly rounded 
posterior end, 60 uw (48-72) long, 39 uw (30-45) wide; length to width ratio 1.5 
(1.1-1.7). Left and right body sides slightly convex, nearly parallel. Adoral 
membranelle zone slightly slanted away from macronucleus. Longitudinal 
cuticular fold runs on upper surface from base of outer adoral lip parallel to 
and at a short distance from left margin of macronucleus, disappearing near 
mid-body. 

Caudal spination variable, embracing types described by Dogiel (4, 5) 
as characteristic of E. anteronucleatum forma dilobum, E. a. forma monolobum, 
and E. a. forma Jaeve. In the ‘laeve’ type caudal lobes absent, posterior end 
smoothly rounded (Fig. 4). This type connected by a continuous series of 
intermediate forms (Fig. 7) to the monolobum type with well-developed left 
(‘ventral’) lobe (Figs. 5, 8). In some specimens of this form apex of left lobe 
directed to right side (Fig. 5). Specimens in which left lobe is over 3 uw long 
are here regarded as monolobum; those having a shorter lobe, as Jaeve. The 
third group of individuals, that of the dilobum type, is characterized by the 
presence of a second, right caudal lobe, homologous with the dorsal spine of E. 
caudatum (Figs. 6,9). This lobe always shorter than left lobe. In all popu- 
lations examined, the /aeve form predominated. The numerical interrelations 
between the three forms, expressed as percentages of the total number of the 
ophryoscolecid ciliates, were as follows: 
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Fics. 4-9. Entodinium anteronucleatum Dogiel, 1925. Figs. 4-6, from the lower side; 
Figs. 7-9, from the upper side; Figs. 4 and 7, E. anteronucleatum f. laeve; Figs. 5 and 8, 
E. anteronucleatum f. monolobum; Figs. 6 and 9, E. anteronucleatum f. dilobum. 


E. anteronucleatum f. laeve 40.4% (19.5-67.0%) 
f. monolobum 7.2% ( 1.5-21.0%) 
f. dilobum 1.9% ( 0.5- 5.0%) 
All forms 49.5% (25.5-86.5%) 


Macronucleus short, stout, ellipsoidal, ovoidal, or subcylindrical, closely 
applied to right body side, not reaching mid-body, except in individuals 
preparing for division (Fig. 9). Micronucleus near left side of posterior third 
of macronucleus. 

Contractile vacuole at level of micronucleus to left of and above anterior 
part of macronucleus. 


Oesophagus wide, short, funnel-shaped, directed to posterior end of, and 
terminating in vicinity of macronucleus. Endoplasmic sac short, wide, not 
penetrating into caudal lobes. Rectum a short tube situated near posterior 
pole of body, at angle of about 45° to main body axis. Anus at base of left 
caudal lobe. 
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In addition to bacteria, and yeasts, this species ingests spores and pieces 
of the thallus of reindeer moss. 

Dimensions of E. anteronucleatum, based on measurements of 49 specimens 
from the rumen of reindeer No. 2, were as shown in Table II. 

According to Dogiel (4) the measurements of E. anteronucleatum laeve 
are 63 uw (51-80) by 43 uw (39-49), those of E. a. monolobum and E. a. dilobum 
are 64 uw (52-82) by 44 u (39-50). 

E. anteronucleatum was found in all faunules examined and constituted 
50% (25-87) of the ophryoscolecid ciliates present. 


2. Entodinium bicornutum Dogiel, 1925 (Figs. 10-12), (4:48, Figs. 7a, b, c,), 
(5:59-60, Figs. 26a, b, c), (6:143, 147) 

In side view body nearly rectangular with almost straight right side and 
strongly convex left side, 30 wu (24-36) long, 21 wu (17-25) wide; length to width 
ratio 1.4 (1.3-1.7). Adoral membranelle zone at right angles to main 
body axis or slightly slanted to macronucleus (Fig. 10). Two caudal spines. 


TABLE II 


DIMENSIONS OF E. anteronucleatum 





Observed limits 





Mz+tzom a CVa% of variation 
Length 60.12+0.84 4 +5.88 us + 9.80 48 -72yu 
Width 39.47+0.54 +3.78 u + 9.60 30 -45y 
Length/width ratio 1.52+0.01 +0.08 +11.70 1.10- 1.70 
Length of the macronucleus 24.35+0.98 u +6.84 pw —28.15 18 -36u 
Width of the macronucleus 8.75+0.14 4 +0.99 uw —11.20 6 -12y 
Length of the left lobe 2.61+0.24 4 +1.65 p —63.00 0 -9n 
Length of the right lobe 0.87+0.80u +1.44y >100 O -6yn 





0 10 20 30 





Fics. 10-12. Entodinium bicornutum Dogiel, 1925. Fig. 10, from the upper side; 
Fic. 11, from the lower side; Fig. 12, from the right side. 
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Right spine plough-shaped, its base lamelliform in face view, its pointed end 
directed left. Left spine arising as continuation of left margin of body, 
curving to right and crossing right spine nearly at right angles. 

Macronucleus triangular, corners rounded. Micronucleus ellipsoidal, to 
left of posterior end of macronucleus. 

Contractile vacuole to left of and nearly in contact with macronucleus. 

Oesophagus long, wide, nearly straight, at angle of about 45° to main body 
axis, terminating near posterior end of macronucleus. Endoplasmic sac not 
penetrating into spine bases. Rectum a narrow, comparatively long tube 
terminating by an anus near base of left spine. 

Measurements of 25 specimens of E. bicornutum from reindeer No. 2 are 
shown in Table III. 

Dividing specimens attained a length of 45 uw with a length to width ratio 
of 2.0. 

The size of the caudal spines varied considerably, some individuals possess- 
ing very short, not crossed, spines only 3 wu long. 

E. bicornutum occurred in all the faunules examined and constituted 1.9% 
(0.5—5.5) of the ophryoscolecid ciliates present. 


TABLE III 


DIMENsIons OF E. bicornutum 


Observed limits 
C.V., % of variation 


24 -36y 
17 -25y 
1.2-1.7 
10 -17y4 
5 -10yu 
3 -9p 
3 -9p 


Body length 

Body width 

Length/width ratio 

Length of macronucleus 
Width of macronucleus 
Length of right caudal spine 
Length of left caudal spine 
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3. Entodinium damae Sladeéek,.1945 (Figs. 13-16), (14:213-215, Pl. 6, Figs. 
25-27) 

Body ovoidal in side view, 32 uw (28-36) long, 18 uw (15-22) wide; length to 
width ratio 1.73 (1.5-2.0). Oral membranelle zone at right angles to main 
body axis. Left and right body sides nearly equally convex, posterior end 
of body rounded. Left caudal lobe not exceeding 2 yu or absent. 

Macronucleus closely applied to right body wall, reaching anteriorly the 
base of adoral lips. Anterior portion bent at right angles to longitudinal 
portion. Micronucleus to left of middle of longitudinal part of macronucleus. 

Contractile vacuole to left of anterior portion of and nearly in contact with 
macronucleus. 

Oesophagus funnel-shaped, terminating in vicinity of posterior third of 
macronucleus. Endoplasmic sac nearly in contact with body walls except 
near posterior end of body. Rectum at angle of about 30° to main body axis, 
terminating in an anal opening near posterior pole of body. 
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Measurements of 25 specimens of E. damae from reindeer No. 2 are shown 


in Table IV. 


In describing this species Sladetek (14) states that his type specimens were 
53 wu (49-62) long, 29 uw wide, the width to length ratio being 1.8. My speci- 
mens are much smaller but have the body piper and macronuclear 


form typical of E. damae. 


E. damae was present in 11 out of 14 faunules examined and accounted for 


9.7% (1.5-11.0) of the ophryoscolecid ciliates. 
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Fics. 13-15. Entodinium damae Sladeéek, 1946. Fig. 13, from the lower side; Fig. 14, 


from the right side; Fig. 15, from the upper side. 
Fic. 16. Outlines of the nuclear apparatuses of five specimens of E. damae Slad. 


TABLE IV 


DIMENSIONS OF E. damae 


M+tom o 

Length 32.09+0.42 uw +2.10p 
Width 18.31+0.34u +1.67 pu 
Length/width ratio 1.73+0.03 +0.14 
Length of macronucleus 16.93+0.49u4 +2.47p 
Width of macronucleus 3.72+0.17 +0.83 p 
Length of transverse 

portion of macronucleus 6.35+0.23 u +1.29 yp 


Observed limits 


GV. '% of variation 
6.54 28 -36mu 
9.35 15 =-22y 
8.29 1.5 1.9 
14.64 12 -23 4% 
22.69 3.0- 4.5 
20.03 4.0-9.0y 
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The similarity of E. damae to E. ovale Jameson, 1926 was pointed out by 
Sladetek (14). By Dogiel’s and Kofoid’s terminology, the macronucleus in 
both these species is bent to the right, although Dogiel states that in E. ovale 
it is bent to the left (4, p. 67). This statement is based on a misinterpretation 
of Fig. B (7, p. 408) of Jameson, who, using the terminology of Stein and 
Buisson, has designated it as lateral view which is, in this terminology, the 
left side view, and thus the ventral aspect by Dogiel’s terminology. This is 
obvious from the position of the micronucleus which is always situated to 
the left of the macronucleus. The latter structure is, therefore, bent to the 
right in terms of Dogiel’s terminology and not, as he stated, to the left. Bhatia 
(1, p. 303) reproduced Jameson’s figure of E. ovale with Dogiel’s faulty design- 
ations of its body sides, thus perpetuating his error. 

Siadetek (14) misspelt the specific name of E. damae as damti. 


4. Entodinium dilobum Dogiel, 1927 Stat. spec. nov. (Figs.17—19), (5;57, Fig. 
23), (6:147), (14:208-210 Pl. 5, Figs. 1-19), (14:210, Pl. 4, Figs. 8-16) 
Body ellipsoidal, anterior end truncated, length 44 (34-55), width 31 yu 
(25-38); length to width ratio 1.4 (1.1-1.7). Adoral membranelle zone 
nearly at right angles to main body axis. Right and left body edges flanged, 
flanges terminating near adoral pole as two triangular caudal lobes of approxi- 
mately equal length (Figs. 17, 19). Two cuticular folds run along upper and 
lower body surfaces parallel to and at some distance from right and left body 
edges, disappearing gradually in posterior half of body. 

Macronucleus club-shaped, about half as long as body, anterior end directed 
towards lower surface (Fig. 18). Right margin of macronucleus at some 
distance from right margin of body (Figs. 17, 19). Micronucleus ellipsoidal, 
situated to left of middle of macronucleus. 

Contractile vacuole to left of anterior part of and nearly in contact with 
macronucleus. 








0 10 20 30 
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Fics. 17-19. Entodinium dilobum Cogiel, 1927. Fig. 17, from the upper side; Fig. 18, 
from the right side; Fig. 19, from the lower side. 
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Oesophagus wide, almost straight, at angle of about 45° to main body 
axis, terminating near posterior pole of macronucleus. Endoplasmic sac 
ovoidal, not penetrating into flanges and lobes. Rectum a wide, straight 
tube, terminating near posterior pole of body between caudal lobes. Its 
axis nearly coincides with that of the body. 

Dimensions of E. dilobum, based on measurements of ‘30 specimens from 
reindeer No. 2 are shown in Table V. 


TABLE V 


Dimensions OF E. dilobum 


Observed limits 





M+om o CV.,.% of variation 
Length 44.19+0.81y +4.77 10.80 34 -55 py 
Width 30.94+0.47 uw +2.60 pu 8.39 25 -38 yu 
Length/width ratio 1.42+0.03 +0.14 10.45 1.1- 1.7 
Length of macronucleus 22.80+0.64 yu +3.52 15.30 17 -30p 
Width of macronucleus 6.77+0.18 uw +0.90 pu 13.39 6 -9pn 
Length of right lobe 5.86+0.29u4 +1.01yu 17.24 9 -9p 
Length of left lobe 4.91+0.14y +0.86 yu 17.55 4 -7p 


In reindeer No. 2, this species varied but slightly. Only a few individuals 
showed poorly developed flanges and lobes. 

E. dilobum was found in 5 out of 14 reindeer examined and did not exceed 
1.5% of the ophryoscolecid ciliates. 

Sladetek (14) regarded flanged forms, such as those shown in Figs. 17-19, 
as a new species, for which he proposed the name E. dilobum. This name is, 
however, preoccupied. In 1927 Dogiel described E. furca f. dilobum, and any 
third name in a trinominal has, according to the rules of nomenclature, the 
status of asubspecific name. Article 35 of the International Code of Zoological 
Nomenclature states: ‘‘A specific name has to be rejected as a homonym when 
it has previously been used for some other species or subspecies of the same 
genus.” 

E. dilobum, in the sense of Sladeéek, differs from E. furca f. dilobum Dogiel, 
1927 in having flanges. Its macronucleus is, therefore, situated at a distance 
from the edge of the body (14: Pl. 5, Figs. 5-10), whereas in the latter form 
it is closely applied to this edge (14: Pl. 4, Figs. 8-10, 13, 14). Sladetek, 
however, has also seen individuals intermediate between his species and 
Dogiel’s form (14: Pl. 4, Figs. 11, 12; Pl. 5, Figs. 1, 3, 4). In my material 
some reindeer, including No. 2, harbored almost exclusively flanged forms, 
whereas in others the grade of development of lobes and flanges was very 
variable. In a few hosts unflanged individuals predominated. It seems 
that the grade of development of the flanges and caudal lobes is intraspeci- 
fically variable and, therefore, unsuitable for use in differentiating species 
related to E. furca f. dilobum. 
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In 1927 Dogiel described E. dilobum as a form of E. furca Cunha, 1914. 
It differs from Cunha’s (3) species in the shape of the caudal armature. Where- 
as E. furca Cunha possesses two long, prong-shaped caudal spines, E. furca f. 
dilobum has flat, triangular caudal lobes, situated in the frontal plane (sagittal 
plane by Dogiel’s terminology). Another peculiarity of Cunha’s species, 
according to Dogiel (5), is its curved right side and almost flat left side (curved 
dorsal side and almost flat ventral side by Dogiel’s terminology), and the 
absence of flanges. It is almost certain that Dogiel’s E. furca f. dilobum 
is not conspecific with E. furca Cunha, 1914. I propose, therefore, to raise 
Dogiel’s E. furca f. dilobum to the rank of a species, with the name E. dilobum 
Dogiel, 1927. Further research will be necessary to clarify the taxonomic 
status of other ‘forms’ of E. furca described by Dogiel, that is, E. furca f. 
monolobum and E. furca f. angustatum. 


20 30 


Fics. 20-25. Entodinium exiguum Dogiel, 1925. Figs. 20, 21, 23, from the lower 
side; Figs. 22 and 25, from the upper side; Fig. 24, from the right side. Note the ovoidal 
macronuclei in Figs. 23-25. 
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5. Entodinium dubardi Buisson, 1923 

This species, usually found in Bovoidea, was present in only one reindeer 
(No. 12), where it constituted 0.5% of the ophryoscolecid ciliates. It is 40 wu 
(36-54) by 28 uw (24-33), with a length to width ratio of 1.43 (1.3-1.7). It 
closely resembled the dubardi forms of E. caudatum represented in Figs. 24 
and 33 of an earlier paper (9). 


6. Entodinium exiguum Dogiel, 1925 (Figs. 20-25), (4: 45—46, Figs. 3a, b, c, 4), 
(5: 39-40, Figs. 1a, b, c) 

Body ellipsoidal in side view, 32 u (22-37) long 20 uw (14-24) wide; length 
to width ratio 1.6 (1.3-1.9)._ Oral membranelle zone at right angles to main 
body axis. Posterior end bluntly rounded. Caudal lobes practically absent, 
left lobe not exceeding 2 yw in length. 

Macronucleus ellipsoidal, occasionally reniform (Fig. 20), usually at some 
distance from bases of adoral lips. Micronucleus subspherical, some distance 
to left of macronucleus. 

Contractile vacuole to left of anterior half of macronucleus. 

Oesophagus wide, straight, funnel-shaped, coaxial with body, usually 
extending into its posterior half. Boundary between ecto- and endo-plasm 
inconspicuous. Rectum narrow, at angle of about 50—60° to main body axis. 
Anus slightly to right from posterior pole of body. 

Measurements of 25 specimens of E. exiguum from reindeer No. 3 are shown 
in Table VI. 

Individual specimens examined by myself have a larger body size than those 
examined by Dogiel (5), who states the length to be 24 (21-29) and the 
width 15 uw (14-18). 

Some faunules contained numerous specimens of Entodinium differing 
from typical E. exiguum in being slightly larger and in possessing an ovoidal 
macronucleus with the tapering end directed anteriorly (Figs. 23-25), some 
with a cuticular fold above the nucleus. They are similar to the specimens of 
E. exiguum cervi depicted by Sladetek (14: Table 1, Figs. 1-7). 

E. exiguum was found in all reindeer examined and constituted 5.0% 
(1.0—-21.5) of the ophryoscolecid ciliates present. 


TABLE VI 


DIMENSIONS OF E. exiguum 


Observed limits 


M+tom o CV.'% of variation 
Body length 31.70+0.97 wu +4.85 us 15.50 22 -37 pu 
Body width 20.44+0.63 wu +3.13 p 14.90 14 -24y 
Length/width ratio 1.55+0.04 +0.20 12.90 1.3- 1.9 
Length of macronucleus 9.78+0.45u +2.27p 23.16 7 -13 4 
Width of macronucleus 6.29+0.20 uw +0.99 uw 15.71 3 -7pu 
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Dogiel (4) found this species in two reindeer from northern Russia: the 
Murmansk coast and Archangel. In reviewing the faunules of these two 
reindeer (No. 6 and No. 7) he (6) replaced E. exiguum by E. nanellum. 


7. Entodinium longinucleatum Dogiel, 1925 (Fig. 1) 

This species, described by Dogiel from reindeer, is very common in cattle, 
water buffalo, sheep, and goats. It was present in 12 of the 14 faunules 
examined and constituted 3.2% (2-6) of the ophryoscolecid ciliates present. 


8. Entodinium minimum Schuberg, 1888 (Figs. 26, 27) 

This species, common in cattle, was found in only 1 of the 14 faunules of 
reindeer examined. It constituted 3.5% of the ophryoscolecid ciliates present. 
Length 41 w (36-45), width 17 w (15-20); length to width ratio 2.3 (1.9-2.6). 
Body curved to left side, but a few nearly straight specimens were seen. 
The host record is new. 





Fics. 26 and 27. Entodinium minimum Eberlein, 1888. Fig. 26, from the upper side; 
Fig. 27, from the lower side. 


9. Entodinium quadricuspis Dogiel, 1925 (Figs. 28-30), (4: Pl. 2, Figs. 8a, 
8b), (5: 64-65, Figs. 31a, b), (6: 143, 147) 

Body nearly circular in side view, 30 uw (24-38) long, 28 uw (22-30) wide; 
length to width ratio 1.1 (1.0-1.3). Oral area nearly at right angles to main 
body axis. Left and right edges of body terminate caudally as two triangular- 
pointed spines of nearly equal length. Two longitudinal cuticular folds 
present on both sides of body. Folds on each side converge in the sagittal 
plane and produce a spine near posterior pole of body. 

Macronucleus boomerang-shaped with longitudinal half applied to right 
body wall, transverse half nearly reaching the body axis. Micronucleus 
ellipsoidal, situated to left of middle third of macronucleus. 

Contractile vacuole near left side of macronucleus on level of micronucleus. 
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Oesophagus wide, nearly straight, at angle of about 45° to main body axis, 
terminating near posterior end of macronucleus. Endoplasmic sac lens- 
shaped, nearly circular, right and left margins some distance from corres- 
ponding body walls. Rectum narrow, at angle of 30—45° to main body axis; 
anus near posterior pole of body. 

Measurements of 25 specimens of EF. quadricuspis from reindeer No. 2 are 
shown in Table VII. 

This species was found in 11 of 14 reindeer examined and constituted 
3.3% (0.5-7.5) of the number of ophryoscolecid ciliates present. 

Although Dogiel described this species as E. quadricuspis (4), he referred 
to it in his table as E. tetracuspis. 


10. Entodinium simplex Dogiel, 1925 (Figs. 31-33), (4: 44-45, Fig. 2, Pl. 2, 
Fig. 1), (5: 40-41, Figs. 3, 4), (6: 147); (not E. simplex in the sense 

of (12: 72-76, Figs. 23, 24)) 
Body ellipsoidal in side view, 44 uw (38-50) long, 24 uw (21-29) wide; length 
to width ratio 1.8 (1.7-1.9). Oral zone nearly at right angles to main body 
axis. Right and ieft sides of body equally convex, posterior end rounded. 












Set viTtrrre yan! 
s 


¥ 








i 
j 
i 
| 
Fics. 28-30. Entodinium quadricuspis Dogiel, 1925. Fig. 28, from the upper side; Fig. 29, from 
the lower side; Fig. 30, from the right side. 

: 


TABLE VII 
Dimensions OF E. quadricuspis 


Observed limits 


Mtown o C.V., % of variation 
Body length 30.03+0.684 +3.39p 11.30 24 -38y 
Body width 27.25+0.414 +2.06y 7.60 23 -32y 
Length/width ratio 1.11+0.01 +0.07 6.49 1.0- 1.3 
Length of macronucleus 17.62+0.41 yu +2.06 py 11.70 12 -22y 
Width of macronucleus 5.72+0.20 u +0.89 pw 17.20 4 -9p 
Dorsal lobe 6.06+0.28u4 +1.42y 23.45 3 -Opn 
Ventral lobe §.94+0.26 4 +1.32y 22.10 3 -8y 
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Fics. 31-33. Entodinium simplex Dogiel, 1925. Fig. 31, from the lower side; Fig. 32, 
from the right side; Fig. 33, from the upper side. 


Left caudal lobe absent or very small, not exceeding 2 uw. Two cuticular folds 
run along upper and lower body surfaces, parallel to and at some distance 
from left and right body sides, disappearing near mid-body. 

Macronucleus a narrow triangle with wider anterior end, closely applied 
to right body wall, not extending into posterior half of body. Micronucleus 
ellipsoidal, to left of middle third of macronucleus. 

Contractile vacuole to left of anterior half of and nearly in contact with 
macronucleus. 

Oesophagus nearly straight, at angle of about 45° to main body axis, term- 
inating near posterior end of macronucleus. Endoplasmic sac ellipsoidal, 
closely applied to body walls except near its posterior end. Rectum at angle 
of 45° (30-50) to main body axis, terminating by an anal opening near aboral 
pole of body. 

Measurements of 25 specimens of E. simplex from reindeer No. 2 are shown 
in Table VIII. 

E. simplex was found in all but one reindeer examined and constituted 
7.5% (0.5—20.5) of the ophryoscolecid ciliates present. 


TABLE VIII 


Dimensions OF E. simplex 











Observed limits 


M+om o C.V., % of variation 
Length 44.224+0.53u +2.67p 6.04 38-50 
Width 24.2540.34u +1.69p 6.98 21-294 
Length/width ratio 1.82+0.01 +0.07 3.80 1.70- 1.93 
Length of macronucleus 23.514+0.92u +4.60y 19.57 17 -3lyp 
Width of macronucleus 6.00+0.17 uw +0.86y 14.33 4 -—-9y 
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In 1925 Dogiel (4) in a paper on the ciliates of reindeer began his descrip- 
tion of E. simplex by saying: 
“E. simplex ist eine beim Rind, sowie beim Renntier 
haufige Art, welche sehr einfach gebaut erscheint.” 
In the text, however, he mentions neither the type host nor the type locality 
and one cannot be sure whether the specimens he described and illustrated 
were from cattle or reindeer. 

The ineasurements of 11 specimens of E. simplex depicted by Dogiel (4, 5), 
as stated in a previous paper (9), show their length to width ratio to be 1.62 
(1.50-1.68), which is close to the 1.55 characteristic of E. dubardi. In the 
text, however, Dogiel states the length to width ratio of E. simplex to be 
1.7-1.79. There is thus a discrepancy between Dogiel’s description of E. 
simplex and his illustrations of this species. 

This discrepancy may depend on the fact that his material for drawings 
was from a host other than reindeer. My measurements of E. simplex almost 
coincide with those given by Dogiel (4, 5) in his text. 

Dogiel’s collaborators, Poljansky and Strelkow, working on clones of Entod- 
inium isolated from sheep and cattle and maintained in sheep and goats (12), 
identified as E. simplex a species of Entodinium which had a length to width 
ratio varying from 1.06 to 1.70, with mean values from 1.20 to 1.60. Ina 
previous paper I (9) pointed out that “Entodinium simplex Dogiel, 1925” 
both of Poljansky and Strelkow and of Dogiel’s drawings of E. simplex is 
E. dubardi, and regarded E. simplex Dogiel, 1925 as a synonym of E. dubardi 
Buisson, 1923. My examination of the material from reindeer has convinced 
me that a species of Entodinium perfectly fitting Dogiel’s description (but not 
his illustrations) of E. simplex is present in reindeer. Therefore, despite the 
opinion expressed in a previous paper (9), I consider E. simplex Dogiel, 1925 
as a valid species, with which “‘E. simplex’ in the sense of Poljansky and 
Strelkow is not conspecific. 

The subfamilies of the ophryoscolecid ciliates of ruminants can be identified 
with the aid of the following key: 


KEY TO THE SUBFAMILIES OF THE OPHRYOSCOLECIDAE 


:: One membranelle zone; macronucleus between the micronucleus and the nearest 
eh ONIN 5. i :., cc Sg SIO ale oes Aes bh teed eae aac ees Entodiniinae 
Two membranelle zones; micronucleus between the macronucleus and the nearest 
POE ORINIIOR Soe cook acre OAS ore oe cones we we Merhad UNEP Ea IGE Mes a oak eae ane ae Ene eS 2 

Z. The oral and metoral (‘‘dorsal’””) membranelle zones nearly in the same transverse 
laee. . CMAN REBOONE 50. 6:5: 0 so 0. vie. « S csiae nd cc RP Gad Wain aw ee ae ees Diplodiniinae 

3. The oral and metoral (‘‘dorsal’’) membranelle zones widely separated. Operculum 
GME 055. a cae WOE R Dea hie ewe Reese as a ae Ophryoscolecinae 


The subfamily Entodiniinae contains a single genus, Entodinium, species 
of which, described above, are identifiable as follows: 


KEY TO THE SPECIES OF THE GENUS Entodiniym PARASITIZING REINDEER 
(for specimens up to the stage of the early metaphase) 
1. Ocsophagus straight, coaxial with the body. Left side of the macronucleus convex, 
parels Bat. Tae CRMIGL GUNOOES 5 aoc +e onc Lake occ een eens E. exiguum Dogiel, 1925 


Oesophagus curves to the nucleus. Left side of the macronucleus concave, rarely 
NRE. bine soo Aa S Na SNe bene Ce CARbR Ge Nadie § Lutes Lae asec eee CaaS 
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2(1). Macronucleus a wide short triangle with rounded ends. Two pointed caudal spines 
OMAN Y COURT CRO GENES. 6 56%. 6:05 o.56 ee diekic cow was nee ees E. bicornutum Dogiel, sat 
Rapin arin SURES ess <a dS oack Sac aanils 2k aOR eT RE ence 

3(2). Macronucleus with dilated ends, as long as the body... .E. longinucleatum Dogiel, isds 


Macronucleus shorter than the body x PRT Rh ic a Ride pe AEE Wn aed Oe acer Loe 
4(3). Macronucleus boomerang-shaped. ‘Body nearly discoidal with at least two caudal 
MME Scolds Ean Seen s Mi Eick a ou Khe Uae Ce oan E. quadricuspis Dogiel, on 


Macronucleus not boomerang-shaped........ 04.0... ccs eee eee ee genet teen enone 
5(4). Body ellipsoidal, its lateral margins produced into flanges terminating near the 

NOstenOr Ole 26 two CAUGAl INES, 6.6.66. sc ose ls cee ecevnwsesd E. dilobum Dogiel, ne 

Ny EN soo weno 05 As oes 505 ae wins ca Sp EHEC ERE SHEERS eh eo kod iow es 
6(5). Length to width ratio >2.0. Body usually curved to the left 

Pits Shs tea ee arte AAS OSs REREAD ING AS Soe yee N es wae E. minimum Schuberg, — 


Lencsth to width catio. <Z2.0. - Body not Curved. o..... 5. o ics n6ccce nea peso ber’ soit @ 
7(6). Macronucleus subcylindrical or ovoidal, not trespassing the body middle: length to 


width ratio <1.7. Caudal armature present or absent 
Pitas ke eo Wai a tale on al a oe NRL a g's & Raha oa oes Gaede ER E. anteronucleatum Dogiel, 1925 
8 


Macronucleus with a dilate anterior end; caudal armature absent................... 


8(7). Macronucleus hook-shaped, length to width ratio of the body 1.7 (1.5-2.0)...... 
E. damae Sladeéek, ~ 


MGpipiantbteh GUNMA 5 5a so con sons npasssrekacnnbasuabertetacintetiie ried 
9(8). Length to width ratio of the body 1.8(1.7-1.9).............. E. simplex Dogiel, i935 
ORR ON Ts WATE TOEIO EDR OET & oin aia nes ate elginervec-sigeie ams E. dubardi Buisson, 1923 


The key does not include two species of Entodinium found by Dogiel in 
reindeer from northern European Russia: FE. attenuatum and E. nanellum. 
Dogiel’s description of E. attenuatum (6, p. 145) runs as follows (translated 
from Russian): ‘“This species is close to E. elongatum. However, its posterior 
end is more rounded than that of E. elongatum and its endoplasmic sac lacks 
the notch characteristic of E. elongatum. The cuticle of E. attenuatum is 
covered with narrowly spaced thin longitudinal furrows. The macronucleus 
occupies the middle of the dorsal body edge. The size of this species is as 
follows: length 62 wu, width 42 y, length to width ratio 1.57.’’ This description, 
lacking illustrations, is, in my opinion, insufficient to permit the identification 
of E. attenuaium which I regard, therefore, as nomen dubium. 

Entodinium nanellum Dogiel, 1922, described from the Impala antelope 
in British East Africa was later found by Kofoid and MacLennan (8) in Bos 
indicus in India and Ceylon. This small, tailless Entodinium is similar in 
shape to E. damae but differs from it in possessing a wedge-shaped, not flexed 
macronucleus. It is probable that Dogiel identified small specimens of E. 
damae as E. nanellum, and then deleted E. exiguum in his list of species 
(6, p. 147) because he regarded it as an exconjugant of E. manellum (4). 

The higher Ophryoscolecidae of reindeer from the Canadian Arctic and the 
quantitative composition of their ciliate fauna will be discussed in subsequent 


papers. 
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NOTES 


OCCURRENCE OF A MACROPTEROUS FORM OF GRYLLODES SIGILLATUS 
(WALKER) (ORTHOPTERA :GRYLLIDAE) IN LABORATORY CULTURE! 


A. S. K. GHour? AnD J. E. McFARLANE® 


Gryllodes sigillatus (Walker), originally an insect of tropical deserts, has 
now become a practically cosmopolitan household and greenhouse pest 
(1, 2). The description given by Blatchley (1) reads in part: ‘“Tegmina of 
male covering half the abdomen, the stridulating organ large, tips broadly 
rounded; of female very short lateral pads, with tips of both dorsal and costal 
field obliquely truncate. Wings absent.’’ Chopard (2) presents an illustration 
of a male of G. sigillatus which conforms with this description, and so far as we 
have been able to discover, only the micropterous form of this species is 
known. The typical adults (Fig. 1A, B) of our own culture of this insect also 
fit Blatchley’s description, except that rudimentary wings, lying completely 
beneath the tegmina, are present in both sexes. 

In a study of the effect of temperature on nymphal development in this 
species (3), using second-generation nymphs from our culture, several mac- 
ropterous individuals (Fig. 1C, D) appeared among groups of nymphs reared 
at a variety of temperatures (23, 28, 33, 35, 38, and 41°C). The incidence of 
the macropterous form was 2% (one male) at 28°, 4% (four females) at 35°, 
and 13% (two females) at 38° C; none was obtained at 23, 33, or 41° C. 
(The last temperature is outside the optimal range.) 

No individual intermediate between the macropterous and micropterous 
forms was found in the above study, but intermediates have appeared since, 
in the course of selective breeding of the macropterous form. These inter- 
mediates show some degree of growth of tegmina beyond the normal but no 
wing growth: in no instance are wings developed where the tegmina are not of 
macropterous size, and in all instances where the wings develop beyond the 
normal they are typically macropterous. 

In the selective breeding of the macropterous individuals, which has in- 
creased the incidence of some degree of abnormal growth of the tegmina to as 
much as 50% in any brood, the hoppers are reared at 35° C, which is the 
temperature used for the routine rearing of the stock insects. We have, 
however, reared some of the offspring of macropterous parents at 28° C, but 
have not obtained any macropterous individuals at this temperature, although 
nymphs from the same brood reared at 35° C have become macropterous, 

1Macdonald College Journal Series No. 425. 

*Colombo Plan scholar. Present address: Department of Plant Protection, Government 


of Pakistan, Karachi, Pakistan. 
’Department of Entomology, Macdonald College. 
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and in spite of the fact that one of the original macropterous adults was 
reared at 28° C. It appears that macropterism depends, then, in part, on 
the temperature of rearing, higher temperatures in the optimal range 
favoring the production of the macropterous form. 

There is some evidence that diet also contributes to macropterism. For 
the initial rearing of the stock culture of this insect, we used a compiex diet, 
the composition of which has been given before (3). For several generations, 
macropterous individuals appeared among the insects reared for stock (at 
35° C), and were removed from the stock as they appeared. Then for at 
least six generations, no macropterous individuals were found in the stock 
cultures. The diet for the insects was then changed to a commercial animal 
food,* which is a better diet than the one used before, as measured by adult 
weight obtained, and macropterous adults began to appear again in the stock 
culture. 

There is apparently no difference between the macropterous and microp- 
terous forms in the duration of the nymphal stage or in the weight obtained by 
the adults. Macropterism is more common among females than males, there 
being usually at least three times as many macropterous females as macrop- 
terous males in any brood. The fecundity of macropterous females is much 
lower than that of normal females. 


We wish to thank Dr. Roger Knowles, Macdonald College, for the photo- 
graphs of Fig. 1. 
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Fic. 1. Gryllodes sigillatus (Walk.). A, normal (micropterous) male. B, normal 
(micropterous) female. C macropterous male. D, macropterous female. 
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